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This book is dedicated to our patients who inspire us every day and remind us 
of the urgency of our research to make renal cell cancer history and to Zita 
Dubauskas Lim for her unwavering support and advocacy for our patients. 


Preface 


The clinical care of the patient with renal cell carcinoma (RCC) has become 
increasingly complex. The incidence of RCC is increasing, in part, because of 
the wide use of modern imaging studies and, in part, because of the epidemic 
of obesity and dietary changes. Patients with RCC who have small renal 
masses have a spectrum of therapeutic options, ranging from active surveil- 
lance to high-energy ablation to nephron-sparing nephrectomy. For patients 
who present with locally advanced or metastatic disease, a multidisciplinary 
approach is essential for optimal management. Surgeons and medical oncolo- 
gists are called upon to work as a team to incorporate systemic therapy and 
nephrectomy or metastasectomy. The optimal management of patients with 
RCC also requires the expertise of physicians from other disciplines includ- 
ing pathology, radiology, radiation oncology, pain management, and support- 
ive care, as well as internal medicine and surgical subspecialties. Integrative 
oncology, which incorporates complementary and alternative medicine 
approaches, is emerging as a discipline to address the needs of patients with 
cancer who now use complementary medicines. 

Insights into the biology of RCC, much gleaned from studies of inherited 
RCC syndromes, have led to the approval of seven molecularly targeted 
agents by the US Food and Drug Administration since December 2005, and 
more agents are on the horizon. The elucidation of von Hippel-Lindau gene 
dysregulation in clear-cell RCC and its impact on downstream targets, particu- 
larly the vascular endothelial growth factor (VEGF) pathway, have established 
anti-VEGF agents as bona fide therapies in metastatic clear-cell RCC. Agents 
that block the mammalian target of rapamycin pathway have also benefited 
patients with metastatic RCC. While more effective than interferon-alpha and 
less toxic than high-dose interleukin (IL)-2, targeted agents produce acute and 
chronic adverse events that may be challenging for long-term use. Although it 
has a formidable acute toxicity, high-dose IL-2 remains an option for a select 
few patients with metastatic clear-cell RCC and yields a 576 cure rate. 

Despite the scientific progress made so far, which has led to improved 
progression-free survival and overall survival rates, the majority of patients 
with metastatic RCC will ultimately develop progressive disease and suc- 
cumb to their cancer. Thus, research efforts are urgently needed to identify 
mechanisms of resistance to targeted agents and biomarkers of anti-tumor 
response and toxicity associated with these therapies. A concerted research 
effort is also needed to focus on discovery of relevant targets in RCC of vari- 
ant histologies with suboptimal response to targeted agents. 

Today, the science of oncology is witnessing a revolution in the way we 
think of cancer. Genomic medicine has ushered in a new era to tackle the can- 
cer problem that cuts across traditional anatomic boundaries. Cancer immu- 
notherapy is undergoing a renaissance with the development of immune 
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checkpoint blockade therapies that unleash the full power of the immune sys- 
tem to attack cancer cells, regardless of their cell of origin or molecular type. 
The intersection of genomic medicine and immunotherapy will undoubtedly 
accelerate the pace of discovery toward the development of more effective 
treatments for "polygenic" cancers that have traditionally been resistant to 
chemotherapy and radiation. 

The future of oncology has arrived. In this context, we present this book 
on RCC, a timely addition to the Oxford American Oncology Library. 
Our hope is that this concise book will bring to busy clinicians and train- 
ees interested in RCC the knowledge and experience of leaders in the 
field who contributed to this book. Ultimately, our hope is for a future free 


of cancer. 
Nizar M. Tannir, MD, FACP 
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Chapter 1 


Epidemiology of Renal Cell 
Carcinoma 


Xifeng Wu, Xiang Shu, Wong-Ho Chow, and Jian Gu 


Introduction 


The incidence rates of kidney cancer vary considerably worldwide, with 
much higher rates in North America, Europe, and Oceania than in Asia, 
South America, and Africa (Figure 1.1).! In the United States, kidney cancer 
is the sixth most common cancer in men and the eighth most common in 
women, with an estimated 65,150 new cases and 13,680 deaths in 2013.2 
The age-adjusted incidence rate in men (20.7 per 100,000 person-years) is 
nearly twice as high as in women (10.5 per 100,000 person-years). Likewise, 
the mortality rate for men (5.8 per 100,000 person-years) is double that of 
women (2.6 per 100,000 person-years).? The incidence rates of kidney can- 
cer have steadily increased at more than 276 per year during the past three 
decades (Figure 1.1)? The rise in incidence has been more rapid in blacks than 
in whites. In contrast, mortality rates have been virtually identical for both 
blacks and whites since the early 19905,“ raising the possibility that the excess 
in kidney cancer incidence among black occurred largely in early-stage tumors 
with improved prognosis. 

The etiology of renal cell carcinoma (RCC) differs from that of other kid- 
ney cancers. The remainder of this chapter focuses on RCC. 

Several risk factors have been established for RCC, including obesity/being 
overweight, cigarette smoking, and hypertension. A few RCC susceptibility 
loci have been identified through recent genome-wide association studies 
(GWASs) of common single-nucleotide polymorphisms (SNPs). A number 
of intermediate phenotypic biomarkers in peripheral blood leukocytes (PBLs) 
have also been linked to RCC risk. In this chapter, we review the current state 
of knowledge on the epidemiology of RCC. 


Modifiable Risk Factors 


Cigarette Smoking 


Cigarette smoking has been recognized as a causal risk factor with moderate 
effect on RCC. A large meta-analysis of 5 cohort and 19 case-control studies 
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Figure 1.1 Worldwide estimated incidence rates of kidney cancer by age group. 
(Based on Ferlay J, et al. GLOBOCAN 2008.) 
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Figure 1.2 Trends in age-adjusted incidence of kidney cancer by race and sex, 
1974—2009. (Based on nine areas: San Francisco, Connecticut, Detroit, Hawaii, lowa, 
New Mexico, Seattle, Utah, and Atlanta? The rate is age-adjusted to the 2000 US 
Standard Population.) 


reported a 50% increase in RCC risk among male smokers and a 20% increase 
in risk among female smokers. RCC risk decreased by 15%-30% in both men 
and women who stopped smoking for more than 10 years.? Since the over- 
all prevalence of cigarette smoking has declined for several decades in the 


United States, smoking is unlikely to be а major contributor to the rising RCC 
incidence trends in this country. 

A number of potential mechanisms that underlie the association between 
smoking and RCC have been proposed, including renal damage due to chronic 
tissue hypoxia caused by carbon monoxide exposure and smoking-related 
disorders such as chronic obstructive pulmonary disease, tubulotoxic effects, 
increased oxidative stress, and endothelial cell dysfunction.$ 


Hypertension 


A meta-analysis of 18 studies showed a significant 1.6-fold increased risk of 
RCC associated with hypertension.’ This association is independent of anti- 
hypertensive medications. The biological mechanisms that relate hyperten- 
sion to RCC are still unclear. Hypertension can induce chronic renal hypoxia 
and lipid peroxidation, and it is hypothesized that the resulting renal injury and 
metabolic or functional changes may subsequently increase renal susceptibil- 
ity to carcinogens. 


Obesity 


In the United States about 4076 of RCCs are estimated to be attributable 
to being overweight or obese.* Meta-analyses of prospective cohort studies 
showed that each 5-unit increase in body mass index (BMI) contributed an 
approximate 2526—3576 increase in risk of RCC for men and women.? Weight 
gain during adulthood could be another risk factor for RCC independent of 
BMI per se, as reported in previous observational studies.ó However, this 
association is still inconclusive due to conflicting results and confounding from 
obesity. Likewise, the effects of other related factors, such as weight cycling 
and waist-hip ratio, are also difficult to disentangle. 

The potential mechanisms that underlie the association between obesity 
and RCC include altered production of circulating adipokines, insulin and 
insulin resistance, chronic tissue hypoxia, altered level of sex steroids, and 
lipid peroxidation and oxidative stress. Low levels of adiponectin have been 
associated with increased risks of RCC.? Hyperinsulinemia and insulin resis- 
tance have long been proposed as major mechanisms for the obesity—cancer 
link.'? Chronic tissue hypoxia was supported by the frequent upregulation of 
hypoxia-inducible factor 1-a (HIF1-a) in RCC tumors. 


Physical Activity 

Physical activity has been associated with reduced RCC risks in a number of 
observational studies. A cohort study showed that individuals who engaged 
in physical activity more than five times per week had a 2076 reduction in 
RCC пок. Two other cohort studies reported similar but statistically nonsig- 
nificant associations.!2? However, other cohort and case-control studies had 
null results.9!^ The lack of consistent data may be partially attributed to the 
differences in measures of physical activity in the different studies, including 
leisure time physical activity during the past year, frequency of physical activity 
during a certain period, hours spent on physical activity per day or per week, 
and metabolic equivalent task values. Possible biological mechanisms for the 
beneficial effect of physical activity on RCC include reduced body weight/ 
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BMI, improved insulin sensitivity, lowered blood pressure, and improved pro- 
file of inflammation and oxidative stress. 


Diet and Alcohol Consumption 


On average, one third of cancers are estimated to be attributable to diet and 
nutrition.'^ Daily diet is an important determinant of the amount of energy 
intake and is closely related to obesity. While dietary calorie intake may be 
associated with RCC risk, the effect is difficult to disentangle from BMI due to 
their tight correlation. 

High fruit and vegetable consumption was associated with a >30% reduc- 
tion of RCC risk in a pooled analysis of 13 cohort studies.'® Intakes of fat 
and protein or their subtypes were not associated with RCC risk after adjust- 
ing for BMI, fruit and vegetable intake, and alcohol consumption in the same 
pooled analysis of cohort studies." The reported associations of antioxidant 
nutrients including carotenoids and vitamins A, C, and E are inconsistent. 161819 
The intake of dietary acrylamide, which is concentrated in baked and fried 
carbohydrate-rich foods, was reported to confer a 6076 increased risk of 
RCC in a case-cohort study in the Netherlands.?? 

Moderate alcohol consumption has been reported to be inversely associ- 
ated with the risk of ЕСС.“ A 28% reduction in risk was observed in people 
who consumed >15 g per day of alcohol, which is equivalent to one to two 
drinks per day; there was no further reduction with an additional increase in 
consumption.” A recent large prospective cohort study (a National Institutes 
of Health-American Association of Retired Persons diet and health study) 
found that alcohol consumption was inversely associated with RCC risk in a 
dose-response manner? The associations with intake of other beverages, 
such as coffee, milk, and tea, аге inconsistent.®2* 


Other Medical, Occupational, and Environmental Factors 


There are other reported risk factors for RCC, including type || diabetes mel- 
litus, end-stage renal disease, long-term hemodialysis, acquired renal cystic 
disease, use of statins and aspirin, increasing parity and other reproductive 
factors, and occupational and other environmental exposures. However, the 
data аге still inconclusive.525 


Genetic Susceptibility 


Hereditary Kidney Cancer Syndrome 


Compelling evidence supports genetic susceptibility to RCC. The risk of RCC 
is two to three times higher in individuals who have first-degree relatives with 
kidney сапсег.2 In addition, familial aggregation is seen in approximately 3% 
of kidney cancer patients with inherited kidney cancer syndromes, which are 
discussed further in chapter 4. 


Candidate Gene Approach 

Most of the earlier candidate gene studies involved small numbers of cases 
and controls, and very few of the initially reported positive susceptibility 
alleles have been replicated in subsequent validation studies.?7 With regard to 


RCC, candidate gene studies have reported many positive associations with 
SNPs in genes involved in xenobiotic metabolism, DNA repair, cell growth/ 
apoptosis, inflammation, and other pathways.5 None of the previously 
reported candidate SNPs have been replicated in large independent studies. 


Genome-wide Association Studies 


Two recent GWASs identified three novel genetic susceptibility loci mapped 
to 2p21, 11q13.3, and 12p11.23.78”? The observed effect size of each genetic 
locus is relatively small (odds ratio, 1.14—1.18), which is expected for com- 
mon variants. Two validated SNPs are located in intron 1 of EPAS1 (endothe- 
lial PAS domain-containing protein 1) on chromosome 2p21. ЕРА51 encodes 
HIF-2a, which is a biologically plausible causal gene in the von Hippel- 
Lindau-hypoxia-inducible factor (VHL-HIF) pathway. GWAS results provide 
further support for the involvement of ЕРА51 in RCC etiology. 

The second interesting locus is mapped to /TPR2 (inositol 
1,4,5-trisphosphate receptor, type 2) on 12p11.23. Interestingly, the same 
SNP has also been identified as being associated with waist-hip ratio in 
another GWAS.? It is possible that obesity is the intermediate between the 
association of this locus and RCC. The third locus on 11413.3 is mapped 
to an intergenic region with unknown biological function. Future pooled 
analysis of GWAS data will undoubtedly identify additional common RCC 
susceptibility SNPs. 


Intermediate Phenotypic Assays for Renal Cell 
Carcinoma Susceptibility 


Intermediate phenotypic biomarkers have the advantage of measuring the 
summary results of genetic variations and could potentially have larger effect 
size than individual SNPs. The suboptimal DNA damage/repair capacity in 
PBLs that were challenged with different mutagens has been shown to be asso- 
ciated with increased risks of RCC.3'? Shorter telomere in PBLs was associ- 
ated with an increased risk of RCC.3^9* Lower mitochondrial DNA (mtDNA) 
copy number in PBLs conferred an increased risk of АСС. Prospective studies 
are needed to confirm these results from retrospective case-control studies. 


Novel Biomarkers for Renal Cell Carcinoma Risk 
and Early Detection 


Circulating microRNAs (miRNAs) are highly stable in a cell-free form pro- 
tected from endogenous RNases and are promising biomarkers for cancer 
risk, diagnosis, and prognosis." An earlier study of circulating miRNAs found 
an elevated level of miR-1233 in RCC patients.?? Two recent studies also 
identified а few circulating miRNAs that were differentially detected in RCC 
patients compared with controls.?*? Metabolomics is an “omics” approach 
that is attracting tremendous interest in cancer research and biomarker dis- 
covery. Analyses of urine samples from RCC patients and control subjects 
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have identified several potential biomarkers for diagnostics, including acyl- 
carnitine, quinolinate, 4-hydroxybenzoate, and gentisate.**? For kidney and 
other urinary tract cancers, urinary markers may reflect the condition of the 
target organs directly and enhance the opportunity for discovery of promising 
diagnostic and prognostic markers specific to the urinary system. 


Conclusions 


The trend of increasing incidence rates of kidney cancer has been observed 
since the 1970s in the United States. The reason for this increase is not clear, 
although increasing rates of obesity and associated hypertension may partially 
explain this upward trend. Recent GWASs have identified three genetic sus- 
ceptibility loci for RCC, and more common susceptibility SNPs are expected 
to be found from pooled analysis of GWASs. Next-generation sequencing 
is expected to provide significant biological insight into renal carcinogenesis. 
Prospective studies are needed for the discovery and validation of interme- 
diate biomarkers. Additionally, the study of the gene-environment interac- 
tion in RCC etiology is an important next step. Finally, a comprehensive risk 
assessment model that integrates modifiable risk factors, genetic suscepti- 
bility loci, intermediate phenotypic biomarkers, circulating biomarkers, and 
gene-environment interaction is needed to move toward personalized risk 
assessment and cancer prevention. 
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Chapter 2 


Pathology of Renal Cell 
Carcinoma 


Priya Rao and Pheroze Tamboli 


Renal cell carcinoma (RCC) is a diverse group of malignant epithelial tumors 
of the kidney that vary in their natural history, biology, and morphologic 
appearance (both naked eye and light microscopic) and in their response to 
systemic therapy. 


Renal Cell Carcinoma Classification 


Over the past century there has been much iteration of classification systems 
for АСС. The World Health Organization (WHO) developed the most cur- 
rent classification system (Table 2.1). This system was built on the founda- 
tions of two earlier works (the Heidelberg classification and the American 
Joint Committee on Cancer [AJCC] and the Union Internationale Contre 
le Cancer classification), both of which were published in 1997. Since the 
2004 publication of the WHO classification, additional unique types of RCC 
have been reported (Table 2.1). Salient features of these tumors are listed 
in Table 2.2. 


Clear-Cell Renal Cell Carcinoma 


Clear-cell АСС (ccRCC) is the most common RCC type, representing 
65%-75% of all RCCs reported in most series.!? Most patients present with 
a solitary tumor; however, multiple synchronous tumors occur rarely. The 
typical ccRCC is a solid tumor with a bright yellow or light orange cut surface. 
Cyst formation, hemorrhage, and necrosis may be evident, depending on the 
tumor. Most ccRCCs are organ confined, while the rest are locally advanced 
with invasion into the perinephric adipose tissue, renal sinus adipose tissue, 
renal vein, or inferior vena cava. In some studies, the renal sinus has been 
identified as the main portal for the tumor to spread beyond the confines 
of the kidney. The presence of delicate, interconnecting, sinusoidal-type thin 
blood vessels is an important histologic feature seen on light microscopy. 
These blood vessels separate tumor cells into variable-size nests and tubules. 
The tumor cells usually have cells with clear cytoplasm, hence, the name 
clear-cell renal cell carcinoma, which is a result of accumulation of lipids and 
glycogen in the cell's cytoplasm. However, some tumor cells may have eosin- 
ophilic cytoplasm; the number of cells with eosinophilic cytoplasm varies 


Table 2.1 Renal Се! Carcinoma Types 


Renal Cell Carcinoma Types in the 2004 World Health Organization 
Classification 


Clear-cell renal cell carcinoma 


Multilocular clear-cell renal cell carcinoma 


Papillary renal cell carcinoma 


Chromophobe renal cell carcinoma 


Carcinoma of the collecting ducts of Bellini 


Renal medullary carcinoma 


Xp11 translocation carcinoma 


Mucinous tubular and spindle cell carcinoma 


Carcinoma associated with neuroblastoma 


Unclassified renal cell carcinoma 


Newly Described Renal Cell Carcinoma Types 


Tubulocystic renal cell carcinoma 
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Acquired cystic disease—associated renal cell carcinoma 


Clear-cell papillary renal cell carcinoma 


Primary thyroid-like follicular carcinoma 


Hereditary leiomyomatosis-associated renal cell carcinoma 


Succinate dehydrogenase-associated renal cell carcinoma 


within individual tumors. Rare tumors maybe almost entirely composed of 
cells with eosinophilic cytoplasm. In some high-grade ccRCCs, tumor cells 
may have "rhabdoid" features, that is, single cells with large eccentrically 
placed nuclei and prominent eosinophilic cytoplasm. Considering the afore- 
mentioned, the morphologic diagnosis of ccRCC is not based solely the cell 
cytoplasm. Rather, the diagnosis is based on a combination of the pattern of 
cell growth, pattern of the vasculature, and the cytoplasmic characteristics of 
the tumor cells. 


Papillary Renal Cell Carcinoma 


Papillary renal cell carcinoma (PRCC) is the second most common RCC type, 
representing 10%-15% of all RCCs. PRCC is the tumor that is most often 
multifocal and bilateral and likely to metastasize to regional lymph nodes. 
Rarely, metastases to regional lymph nodes form a mass larger than the pri- 
mary tumor in the kidney. These tumors are most often soft and friable, usu- 
ally with abundant hemorrhage and necrosis. PRCCs that appear cystic on 
radiographic studies tend to have solid-appearing tumor at the periphery, 
while most of the center has tumor cells suspended in hemorrhagic fluid. 
Papilla formation is the typical morphologic feature; however, tumor cells may 
also form tubulopapillary forms and tubules; rarely, the papillae are so close 
together that they appear to form solid nests. Based on morphologic features, 
PRCC is further divided into type 1 and type 2? Type 1 PRCCs have thin 
fibrovascular cores that are lined with a single layer of low cuboidal cells with 
scant pale cytoplasm and low nuclear-grade nuclei. Collections of foamy his- 
tiocytes and psammoma bodies (laminated calcifications) are more common 


Table 2.2 Morphologic Features and Immunohistochemical 


Profile of Renal Cell Carcinoma Types 


Renal Cell Morphologic Features Immunohistochemical 
Carcinoma Profile 
(RCC) Type 
Clear RCC Nests, sheets, or tubular architecture; EMA, vimentin, RCC 
thin-walled sinusoidal blood vessels; antigen, CD10, carbonic 
optically clear-cell cytoplasm anhydrase IX positive; 
CK7, AMACR negative 
Papillary RCC Papillary, tubular, or solid architecture; EMA, vimentin, RCC 
frequent hemorrhage and antigen, CK7, CD10, 
necrosis; foamy macrophages and AMACR positive; type 
psammomatous microcalcifications 2 tumors are frequently 
CK7 negative 
Туре 1: Cuboidal Туре 2: 
cells with scant Pseudostratified 
cytoplasm columnar cells 
and small or with voluminous 
inconspicuous eosinophilic 
nucleoli cytoplasm and 
prominent nucleoli 
Chromophobe Solid sheets, nests, or tubules; EMA, CK7, CD117 
RCC thick-walled blood vessels; clear to positive; vimetin, CD10, 


eosinophilic cytoplasm with prominent 
cell membranes; perinuclear clearing; 
wrinkled nuclear membrane 


RCC antigen negative 


Collecting duct 
RCC 


Centrally located; glandular or 
tubulopapillary architecture; 
inflammatory and desmoplastic 
stroma; high-grade nuclei; dysplasia of 
adjacent collecting ducts 


Ulex europeaus lectin, 
HMWCK, CK7, p63, 
vimentin positive; CD10, 
RCC antigen negative 


Renal Centrally located; tubulopapillary, Ulex europeaus lectin, 
medullary reticular, or microcystic architecture; © HMWCK, CK7, p63, 
carcinoma inflammatory and desmoplastic vimentin positive; CD10, 
stroma with prominent neutrophilic RCC antigen negative 
infiltrate; high-grade nuclei; 
trepanocytes (sickled erythrocytes) 
Xp11 Papillary and solid architecture; TFE-3, CD10, AMACR 
translocation psammomatous microcalcifications; positive; EMA, CK7, 
carcinoma cells with voluminous clear to low-molecular-weight 
eosinophilic cytoplasm; eosinophilic CK, HMWCK negative 
cytoplasmic inclusions 
Mucinous Tubular and focally solid architecture; ЕМА, vimentin, RCC 
tubular and tubules lined with cuboidal cells; antigen, CK7, CD10, 
spindle cell spindle cells with low-grade nuclei; AMACR positive 
carcinoma mucinous extracellular matrix 
Clear-cell Cystic and partly solid tumor; CK7, EMA, vimentin 
papillary RCC ^ tubulopapillary architecture; clear positive; AMACR, CD10 


cytoplasm; apically located, low-grade 
nuclei 


negative 


(Continued) 
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Table 2.2 (Continued) 


Renal Cell Morphologic Features Immunohistochemical 

Carcinoma Profile 

(RCC) Type 

Tubulocystic "Bubble-wrap" gross appearance; CK7, CD10, AMACR, 

RCC variably sized cysts embedded in vimentin positive; 
fibrous stroma; clear to eosinophilic HMWCK negative 
cytoplasm; prominent nucleoli 

Primary Tubular architecture; eosinophilic СК7, vimentin, PAX8 

thyroid-like colloid-like material in lumen; grooved positive; T TF-1, 

follicular nuclei; nuclear pseudoinclusions thyroglobulin, RCC 

carcinoma antigen negative 


AMACR, alpha methyl acyl Co-racemase; CK, cytokeratin; EMA, epithelial membrane antigen; 
HMWCK, high-molecular-weight cytokeratin; RCC, renal cell carcinoma; TTF-1, thyroid 
transcription factor 1. 


in type 1 PRCCs. Type 2 PRCCs have tall columnar pseudostratified cells with 
abundant eosinophilic cytoplasm and high-grade nuclei. At present, there are 
limited data that show differences in clinical outcomes and genetic abnormali- 
ties between type 1 and type 2 РЕСС5.34 


Chromophobe Renal Cell Carcinoma 


Chromophobe renal cell carcinoma (ChRCC) is the third most common RCC 
type, yet accounts for only about 5% of all RCCs. First described in 1985, 
ChRCC has distinctive morphologic and genetic features that separate it from 
the other RCC types.^ó ChRCCs are soft solid tumors with a distinctive tan 
or tan-gray color. Microscopically, based on tinctorial properties of the cell 
cytoplasm, ChRCCS are divided into typical ChRCC and the eosinophilic 
variant. Tumor cells form sheets, nests, or broad alveoli, with interspersed 
thick-walled blood vessels (in contrast to the thin-walled vessels in ccRCC). 
Most ChRCCs have two types of cells—cells with clear cytoplasm and cells 
with eosinophilic cytoplasm, with one cell type predominating. Typical ChRCC 
predominantly has clear cells, while the eosinophilic variant is predominantly 
composed of eosinophilic cells. Clear cells have abundant cytoplasm with a 
frothy, flocculent, or bubbly appearance compared with the optically clear 
cytoplasm in ccRCC. Eosinophilic cells tend to be smaller with finely granular 
eosinophilic cytoplasm. In both cell types, cytoplasmic organelles are pushed 
to the cell periphery, forming a halo around the nucleus. Since the organelles 
are pushed to the periphery, cell membranes appear thick and prominent, 
superficially resembling plant cells. Tumor nuclei tend to be hyperchromatic, 
frequently binucleated, and usually have a wrinkled nuclear membrane. The 
perinuclear halo and wrinkled nuclei result in the cells looking like koilocytes. 


Collecting Duct Carcinoma 

Collecting duct carcinoma (СРС) is a rare, aggressive RCC that accounts 
for <1% of renal tumors. СРС arises from the renal medulla and is usually 
located in the central region of the kidney. Histologically, CDCs have a glan- 
dular or tubulopapillary growth pattern with high nuclear-grade cells that 
are associated with a prominent desmoplastic stromal response. Aggressive 


features such as necrosis, lymphovascular invasion, and high pathologic stage 
are common. Overall survival is poor.^? 


Renal Medullary Carcinoma 

Renal medullary carcinoma (RMC) affects young adults with a history of sickle 
cell trait and is regarded as a sickle cell nephropathy.’ Histologically, RMC 
resembles CDC with glandular, reticular, and microcystic features, occasion- 
ally having extracellular mucin. Most patients present with advanced disease, 
with a median survival of «1 year.'? 


Mucinous Tubular and Spindle Cell Carcinoma 

Mucinous tubular and spindle cell carcinoma (MTSCC) is a rare RCC with 
distinctive morphology that overlaps with that of type 1 PRCC. As the name 
implies, these tumors are composed of tubules lined with cuboidal cells, 
extracellular mucin, and a bland spindle cell component. Most MTSCCs follow 
an indolent course when they are small and organ confined; however, larger 
tumors may be aggressive and possess sarcomatoid dedifferentiation.°" 


Renal Cell Carcinoma Associated with 

Xp11.2 Translocation 

Xp11.2 translocation carcinoma is a distinctive RCC that is characterized by 
the presence of various translocations involving the TFE-3 gene located on 
chromosome Xp11.2, which is considered to be a part of the MiTF-TFE3 
family of tumors.'2 While translocation RCC was first identified in a subset 
of pediatric RCCs, these tumors are now recognized as occurring in the adult 
population as well.'? The two most common fusion partners to the TFE-3 
gene are the PRCC gene t(X;1)(p11.2;q21) and the ASPL gene t(X;17) 
(р11.2;425).'? These RCCs have distinct morphologic features, with a pap- 
illary or nested architecture that often resembles a combination of ccRCC 
and PRCC. Tumor cells typically have abundant clear to eosinophilic cyto- 
plasm, with some cells having prominent intracytoplasmic hyaline globules. 
Numerous psammomatous calcifications may be present. Demonstration 
of the translocation by fluorescence in situ hybridization or immunohisto- 
chemical detection of the nuclear TFE-3 protein is required for the diagnosis. 
These RCCs are generally aggressive, and patients often present with locally 
advanced disease. 


Carcinoma Associated with Neuroblastoma 


RCCs that are associated with neuroblastoma are rare tumors with distinctive 
histologic features that have been reported in pediatric patients who survived 
childhood neuroblastoma. Tumor cells typically have abundant eosinophilic 
or oncocytic cytoplasm.!^!* 


Unclassified Renal Cell Carcinoma 

Unclassified RCC is a designation for RCC that does not fit into one of the 
known types and is not a distinct type by itself. Since 2004, new distinct 
RCC types have been reported (see section below). Unclassified RCCs also 
include tumors that are composites of known types, for example, ccRCC and 
PRCC, RCC with extensive necrosis and viable tumor that cannot be typed 
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accurately, and RCC with sarcomatoid dedifferentiation in which the epithelial 
component cannot be readily assigned to one of the known RCC types.! 


Sarcomatoid Dedifferentiation in Renal 
Cell Carcinoma 


Approximately 1%–2% of RCCs undergo sarcomatoid dedifferentiation, 
which denotes transformation of the RCC into a high-grade biphasic tumor 
with both malignant epithelial (carcinoma) and mesenchymal (sarcoma) com- 
ponents. Sarcomatoid RCC was considered to be a distinct type of RCC; 
however, this term was discarded in the late 1990s, as all types of RCC may 
undergo dedifferentiation.'® The carcinoma component may be any of the 
RCC types and is usually high grade but may be low grade. The sarcoma com- 
ponent is usually undifferentiated, resembling a pleomorphic malignant fibrous 
histiocytoma. Rarely, the sarcoma component shows heterologous differen- 
tiation into bone, cartilage, blood vessels, or muscle. Primary sarcomas of 
the kidney, which are rare, are included in the differential diagnosis. Finding 
a distinct carcinoma component helps separate primary renal sarcomas from 
RCCs with sarcomatoid dedifferentiation. Rarely, reactive spindle cells are 
present in RCCs, which should be distinguished from the sarcomatoid com- 
ponent. Most tumors have poor prognosis and present as high-stage tumors. 
The amount of tumor with sarcomatoid dedifferentiation (as a percentage of 
the entire tumor) has been reported to be prognostically significant. Patients 
who have RCCs with more than 50% sarcomatoid dedifferentiation tend to 
do poorly, but RCCs with even a minor sarcomatoid component (5%—15%) 
may result in metastasis and cancer-specific death.” However, newer data 
suggest a lack of correlation between percentage of sarcomatoid component 
and cancer-specific mortality.'? 


Newly Described Variants of Renal Cell Carcinoma 


Since the 2004 WHO classification of RCC was published, there have been 
several newly described RCC types (Table 2.1), which are discussed below. 
In the past, tubulocystic RCC was erroneously referred to as low-grade CDC. 
The cut surfaces of these tumors have a characteristic "bubble-wrap" appear- 
ance, as they are composed of variable-size cysts set in a dense stroma. These 
cysts are lined with cells that have clear to eosinophilic cytoplasm, with a high 
Fuhrman nuclear grade (FNG; usually 3).? 

Acquired cystic disease-associated RCC was first reported in 2006 in a 
series of patients with end-stage renal disease (ESRD).?? These tumors occur 
exclusively in the setting of ESRD and have a strong association with dialysis. 
These tumors have characteristic microcystic architecture with eosinophilic 
tumor cells and high-grade nuclei. Calcium oxalate crystal deposits are a fre- 
quent pathologic finding. These tumors can occasionally be aggressive, and 
metastases have been reported. 


Clear-cell papillary RCC (CCPRCC)was first described in the setting of 
ESRD but now has been reported to occur in the sporadic setting. Tumors 
are generally partially or extensively cystic, small, and organ confined. These 
tumors have delicate papillae lined with clear cells that have low-grade api- 
cally located nuclei. These tumors are indolent, and metastatic tumors have 
not been reported.”! 

Primary thyroid-like follicular carcinoma is histologically indistinguishable 
from follicular carcinoma of the thyroid gland and is composed of tubules 
with inspissated colloid-like material. Thyroid-specific immunohistochemical 
stains are negative, which helps with the diagnosis.” 

Hereditary leiomyomatosis-associated RCC affects young patients with 
germline mutations of the fumarate hydratase gene. Patients may also develop 
cutaneous and uterine leiomyomas or leiomyosarcomas. Histologically, they 
resemble type2 PRCC with extensive tubulopapillary architecture, eosino- 
philic cells, and prominent orangeophilic “viral-like” nuclear inclusions. 
Patients usually present with locally advanced tumors, and prognosis is poor.” 

Succinate dehydrogenase (SDH)-associated RCC is a recently described 
RCC type that is associated with germline mutations of the Krebs cycle 
enzyme, SDH, involving the SDH-B/C/D genes. The histology may be var- 
ied. SDH-B-associated RCCs frequently have an oncocytic appearance, while 
SDH-C-associated RCCs frequently show а clear-cell appearance. Patients 
often follow an aggressive clinical course.?* 


Pathologic Prognostic Factors 


Pathologic factors that affect prognosis in RCC are briefly discussed below. 
Pathologic stage using the AJCC tumor, nodal, and metastasis (ТММ) system 
is the most important factor in determining the patient's prognosis. Important 
changes in the TNM staging system include the inclusion of renal sinus inva- 
sion in the pT3a category (since 2002); the upstaging of direct invasion into 
the ipsilateral adrenal gland from pT3a to pT4 (since 2010); invasion of the 
renal vein, which was changed from pT3b to pT3a; and invasion into the infe- 
rior vena cava (changed from pT3c to pT3b). 

FNG is used for grading RCC. It is based on nuclear size and nucleolar size 
to stratify tumors into four grades and is determined by the highest grade 
within the tumor and not the most predominant.? To date, use of FNG as a 
prognostic parameter has been validated only іп ccRCC.26 

Tumor necrosis is reported to be associated with poor prognosis and 
disease-specific death in patients with ccRCC and ChRCC, but not in patients 
withPRCC.227 

RCC type is important as a prognostic factor, as some RCC types are 
more aggressive than others. Of the three most common types, ccRCC has 
the worst prognosis, followed by PRCC and then ChRCC.? Medullary RCC 
and CDC usually have the worst prognosis. RCC with sarcomatoid dedif- 
ferentiation has a worse prognosis than the same type of RCC without 
dedifferentiation.?? 
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Other pathologic parameters associated with a poor outcome include the 
presence of lymphovascular invasion, renal sinus invasion, and sarcomatoid 
dedifferentiation.?? 


Ancillary Tests for Renal Cell 
Carcinoma Classification 


Immunohistochemical stains are a useful adjunct in the diagnosis and work-up 
of RCC. Although the majority of RCCs are diagnosed without the use of 
ancillary techniques, immunohistochemical stains are useful in cases where 
morphology is not typical or in limited samples, for example, needle core 
biopsies and fine-needle aspiration biopsies. Most RCC tumors stain for 
cytokeratin (CK) cocktail and epithelial membrane antigen (EMA), except for 
translocation RCC, which may be negative. CK7 is a specialized cytokeratin 
stain that is expressed in PRCC, ChRCC, tubulocystic RCC, CCPRCC, and 
MTSCC; it is typically negative in ccRCC. High-molecular-weight CK349E12 
(HMWCK) and CK5/6 are positive in most CDCs. PAX gene proteins 
(PAX-2 and PAX-8) are expressed in most renal tumors and may be useful for 
identifying RCC in metastatic sites. However, these proteins are not specific 
as they are also expressed in primary tumors from other sites (such as ovary 
and thyroid).? Vimentin is an intermediate filament that is expressed in most 
mesenchymal tumors but in few carcinomas. All RCCs, with the exception of 
ChRCC, express this marker, which is useful for distinction between ccRCC 
and ChRCC. Alpha-methylacyl-CoA racemase (AMACR) is a mitochondrial 
enzyme that is involved in the oxidation of fatty acids and is strongly expressed 
in PRCC and MTSCC. While it may be expressed in other RCCs, the expres- 
sion is typically focal and less strong than in PRCC and MTSCC.? CD10 isa 
cell surface glycoprotein that is typically expressed in ccRCC and PRCC, with 
less frequent expression in other RCCs.? RCC antigen is a glycoprotein that 
is present on the brush border of proximal renal tubular epithelial cells and is 
expressed in ccRCC and PRCC.” TFE-3/TFE-B are nuclear proteins that are 
overexpressed as a result of the specific translocation and accumulate in the 
nuclei of tumor cells in translocation RCC. These are highly specific markers 
and not expressed in any of the other RCCs. 

Immunohistochemical profiles of the most common RCCs are as follows 
(Table 2.2): ссАСС are positive for EMA, vimentin, RCC antigen, CD10, 
and carbonic anhydrase IX and negative for CK7 and AMACR. PRCCs and 
MTSCCs are positive for EMA, vimentin, RCC antigen, CK7, CD10, and 
AMACR. ChRCCs are positive for EMA, CK7, and CD117 and negative for 
vimetin, CD10, and RCC antigen. CDCs and medullary RCCs are positive for 
ulex europeaus lectin, HMWCK, CK7, p63, and vimentin and are negative 
for CD10 and RCC antigen. Xp11 translocation carcinomas are positive for 
TFE-3, CD10, and AMACR and negative for EMA, CK7, low-molecular-weight 
CK, and HMWCK. 

Molecular testing for RCCs has not matured to the point of being part of 
the routine pathology evaluation. 
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Chapter 3 


Biology of Renal Cell 
Carcinoma 


Thai H. Ho, Ruhee Dere, and Cheryl L. Walker 


Introduction 


Counting both inherited and sporadic cases, renal cell carcinoma (RCC) is 
1 of the top 10 leading causes of cancer death, affecting more than 50,000 
patients annually. Surgery is often curative for early-stage tumors (I-III), with 
a 5-year overall survival rate of 59%-95%.' However, the median survival of 
patients with metastatic disease is approximately 2 years with systemic ther- 
apy. The most common histology is clear-cell renal cell carcinoma (ccRCC), 
and the molecular mechanism is linked to the inactivation of the von Hippel- 
Lindau tumor suppressor gene (VHL).? The VHL gene product, pVHL, acts as 
an oxygen sensor that regulates degradation of the hypoxia-inducible factor 
(HIF) transcription factor. HIF transactivates several target genes involved in 
cellular adaptation to hypoxia by binding hypoxia-related elements (HREs) to 
activate transcription of these targets, including vascular endothelial growth 
factor (VEGF). The mammalian target of rapamycin (mTOR) signaling cas- 
cade is often stimulated in ccRCC, and activation of the mTOR kinase path- 
way further augments HIF levels to subsequently activate HIF-dependent 
transcription? The elucidation of VHL function and mTOR pathway acti- 
vation served as a foundation for the discovery and approval of VEGF and 
mTOR inhibitors for RCC treatment. Secondary mutations recently identified 
in histone-modifying enzymes suggest that chromatin remodeling and altera- 
tions of histone modifications may play a role in RCC pathogenesis with dis- 
tinct epigenetic phenotypes. This chapter summarizes the genetic mutations 
and aberrant signaling pathways that contribute to metastatic ccRCC. 


von Hippel-Lindau Pathway 


RCC is a diverse set of malignancies that originate from the renal parenchyma. 
In addition to ccRCC, other histologies include papillary, chromophobe, and 
translocation.* Rare subtypes include renal medullary and collecting duct. 
Hereditary familial syndromes with a predisposition for RCC have provided 
clues regarding the molecular pathogenesis of sporadic RCC. VHL disease is 
caused by germline mutations in the VHL gene that is located on chromosome 
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3p25.? VHL disease is characterized by an increased risk of ccRCC, pheochro- 
mocytomas, and hemangioblastomas.° Individuals affected by VHL disease 
inherit a nonfunctional VHL allele or have a de novo VHL mutation.? A sto- 
chastic secondary inactivation of the remaining allele leads to development 
of tumors (Figure 3.1). Similarly, in sporadic ccRCC, loss of heterozygosity at 
the VHL gene locus, somatic VHL mutations, or VHL hypermethylation leads 
to biallelic VHL inactivation. 

pVHL is the substrate recognition component of the ubiquitin ligase com- 
plex and directly binds to substrates such as the HIF transcription factor. 
Oxygen levels regulate the interaction between pVHL and HlFa.? Recognition 
by pVHL requires the hydroxylation of HlFa on one of two conserved 
prolyl residues by oxygen-dependent enzymes within the EgIN family.? In 
normoxia, pVHL targets the HIFa subunit for polyubiquitination and protea- 
somal degradation.'° pVHL suppresses the production of hypoxia-inducible 
mRNAs, including VEGF and erythropoietin. Conversely, in hypoxic condi- 
tions or in pVHL-deficient or -mutant cells, HIFa binds to HIFB to form a het- 
erodimeric transcription factor that binds HREs in DNA in order to increase 
transcription of hypoxia-responsive genes." 
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Figure 3.1 Biology of Renal Cell Carcinoma. Loss of 3p and VHL inactivation are 
likely early alterations compared to mutations in chromatin remodeling enzymes. 
Biallelic VHL inactivation drives HIF activation, and downstream signaling events that 
promotes tumorigenesis. Gene mutations that activate the mTOR pathway have also 
been characterized in both hereditary and sporadic forms of clear cell renal cell carci- 
noma. HIF indicates hypoxia-inducible factor; mTOR, mammalian target of rapamycin; 
VHL, von Hippel-Lindau. 


In addition to functioning as а key component of a ubiquitin ligase com- 
plex, pVHL has other cellular functions including maintaining the primary 
cilium. Loss of pVHL in ccRCC is associated with decreased сіЇіа, !3 similar 
to what is observed in other ciliopathies such as polycystic kidney disease 
and tuberous sclerosis complex (TSC; Figure 3.1). Patients with mutations 
in genes associated with these ciliopathies display aberrant primary cilia, 
believed to result in multiple preneoplastic cysts.'* Ectopic expression of VHL 
іп pVHL-deficient RCC cell lines increases primary cilia formation.'^ The ciliary 
defect in VHL-deficient cells is attributed to elevated levels of aurora kinase 
A (AURKA),!6 a mitotic kinase that activates histone deacetylase 6 (HDAC-6) 
and disassembly of the cilium." AURKA inhibitors have shown promise in 
vitro, and it is interesting to speculate on their benefit as preventative therapy 
to prevent cyst formation. 


Mammalian Target of Rapamycin Pathway 


The mTOR pathway responds to external and internal stimuli to regulate 
a diverse set of processes including cell proliferation, nutrient abundance, 
and protein synthesis.'® mTOR acts as a scaffold for two distinct com- 
plexes: mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2). 
The mTOR signaling cascade is under the tight regulation of tumor suppres- 
sorsTSC2 (tuberin) and TSC1 (hamartin). These suppressors function as a 
heterodimer to act as a gatekeeper for this critical kinase. Activation of the 
PI3K-AKT-mTOR cascade results in the phosphorylation and inactivation of 
TSC2, which leads to derepression of mMTORC1 inhibition.'? Patients that 
inherit germline mutations in the TSC1/2 genes are affected by hamartomas, 
renal angiomyolipomas, and RCC. Loss-of-function mutations have been 
identified in TSC1 in sporadic ccRCC that sensitize the VHL-deficient phe- 
notype to mTOR inhibitors.” Rapalogs such as everolimus and temsirolimus 
inhibit MTORC1, but not mTORC2.2 Dual inhibitors of mTORC1/2, cur- 
rently in development, may provide additional benefit to rapalogs in RCC.? 


Secondary Mutations of Chromatin Remodeling 
Genes in Clear-Cell Renal Cell Carcinoma 


Although УНЕ is mutated in 65% of ccRCC, УМ! deletion in mice is insuffi- 
cient for tumorigenesis.! Systematic sequencing of ccRCC identified loss-of- 
function mutations in histone-modifying enzymes such as PBRM1 (41%), BAP1 
(15%), SETD2 (3%), KDM6A/UTX (3%), KDM5C/JARID1C (3%), and MLL2 
(326).2*?5 Eighty-eight percent of sequenced RCC with SETD2 апа JARID1C 
mutations also had VHL mutations, suggesting that these mutations may be 
modifiers of an RCC phenotype. Interestingly, several histone-modifying 
enzymes (PBRM1, SETD2, BAP1) reside on chromosome 3p where VHL 
is located. PBRM1 encodes for baf180, a component of the polybromo 
BRG1-associated factor complex, which remodels the nucleosome to 
regulate transcription. Mutations in РВКМТ are the second most common 
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mutation after VHL.” Small interfering RNA—mediated depletion of PBRM1 
expression in ccRCC cell lines resulted in both increased proliferation and cell 
migration.” 

SETD2 was identified as a tumor suppressor in an insertional mutagenesis 
ѕсгееп.2° Setd2 knockout is embryonically lethal in mice and has been shown 
to lack histone 3 lysine 36 tri-methylation (H3K36me3)." In a study exam- 
ining the heterogeneity of mutations from random sampling within a RCC 
tumor, loss of function SETD2 mutations were selected for in synchronous 
metastases.?? 

Exome sequencing identified truncating mutations in the C-terminal 
domain of BAP1, which encodes а НА деибгаи пазе. Germline inheri- 
tance of ВАРТ mutations predisposes patients to mesotheliomas and mela- 
nomas.? Clinically, loss of BAP1 is associated with worse outcomes and 
more aggressive tumors.” Interestingly, in 70% of RCC cases, either ВАРА or 
PBRM1 are lost and are anticorrelated in expression, suggesting at least two 
distinct molecular epigenetic phenotypes. 

Mutations in KDM5C/JARID1C, a H3K4me3 demethylase on the X chro- 
mosome, is associated with X-linked intellectual disability.?' In RCC cell lines, 
hypoxia induces the expression of KDM5C/JARID1C in an HIF-dependent 
fashion to decrease H3K4me3 levels and alter gene expression.?? Consistent 
with a tumor suppressor function, suppression of KDM5C/JARID1C 
increased tumor size in xenograft mouse models.?? 


Renal Cell Carcinoma as a Metabolic Disease 


Hereditary leiomyomatosis and renal cell carcinoma (HLRCC) is a hereditary 
cancer syndrome characterized by cutaneous leiomyomata, uterine leiomyo- 
mas, and RCC.??? Affected individuals inherit a germline mutation of fuma- 
rate hydratase (FH), a Krebs cycle enzyme (Figure 3.1). In HLRCC-associated 
RCC, both alleles are inactivated (germline and somatic), leading to a loss 
of FH.** Subsequent accumulation of the substrate, fumarate, inhibits prolyl 
hydroxylase, interferes with the recognition of HIFa by the pVHL, and leads to 
an increase in VEGF-mediated angiogenesis.?? Succinate dehydrogenase-renal 
cell carcinoma (SDH-RCC), characterized by mutations of the Krebs cycle 
enzymes succinate dehydrogenase B or succinate dehydrogenase D, is asso- 
ciated with an increased disposition for pheochromocytomas and paragan- 
gliomas.?$ SDH mutations cause accumulation of succinate and inhibit prolyl 
hydroxylation of HIFa.?” 


Conclusions 


The identification of additional mutations in genes other than VHL are chang- 
ing our understanding of critical pathways that contribute to the develop- 
ment and progression of metastatic RCC (Figure 3.1). Drug targets may 
exist outside the mTOR and VEGF pathways, such as those aimed at the 
metabolic sensitivity or the tumor microenvironment in RCC. Mutations in 


"writers" of the genome that likely disrupt normal transcriptional regulation 
and chromatin remodeling will be crucial in increasing our understanding of 
the complex biology of RCC. In addition, the pleiotropic functions of pVHL 
have presented novel signaling cascades that are currently being dissected 
for their contributions to events that trigger tumorigenesis, including the 
loss of primary cilia and microtubule stability, with potential for preventa- 
tive interventions. Thus, the identification of new "druggable" targets for 
sequential or combination therapies may provide a more robust form of 
therapy for RCC patients. 
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Chapter 4 


Inherited Renal Cell 
Carcinomas 


Sarathi Kalra and Eric Jonasch 


Introduction 


Comprising only a small fraction of all renal tumors, inherited renal cell car- 
cinomas (RCCs) have provided great insight into the molecular biology of 
RCC (Table 4.1). The first genetic evidence for the hereditary nature of RCC 
was from the discovery of the von Hippel-Lindau gene. Unlike sporadic can- 
cers, inherited RCCs are usually bilateral and multiple and they develop at a 
younger age. Inherited variants having an increased risk for RCC include von 
Hippel-Lindau (VHL) disease, Birt-Hogg-Dubé (BHD) syndrome, hereditary 
papillary renal carcinoma (HPRC), hereditary leiomyomatosis and renal cell 
carcinoma (HLRCC), and tuberous sclerosis (TS). 


von Hippel-Lindau Disease 


VHL disease is an autosomal dominant disorder characterized by predisposi- 
tion to a variety of benign and malignant tumors. The VHL spectrum com- 
prises bilateral, multiple clear-cell kidney cancers; hemangioblastomas of the 
central nervous system (СМ5); retinal capillary hemangioblastomas (RCH); 
pheochromocytomas; endolymphatic sac tumors of the middle ear; serous 
cystadenomas and neuroendocrine tumors of the pancreas; and papillary 
cystadenomas of the epididymis and broad ligament. 


Epidemiology 

VHL disease has an incidence of 1 in 36,000 live births. The disease mani- 
festations can occur at any time of life, with a mean age at presentation of 
26 years." 


Genetics 


The VHL gene is a tumor suppressor gene. Although a germline mutation can 
inactivate one copy of the VHL gene in all the cells, the manifestations of VHL- 
associated tumors do not develop until the second "hit" prevents the expres- 
sion of the remaining normal allele. The second hit can be through a somatic 
mutation, deletion, or hypermethylation of the promoter? 
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Nearly 20% of patients with VHL disease have founder mutations, where 
the parents do not have a VHL germline mutation. Patients with founder 
mutations can be mosaics, that is, they express the mutation only in specific 
parts of their body. This feature may make detection of VHL disease more 
difficult, especially if the hematopoietic compartment is not affected, render- 
ing blood germline testing useless. 

The gene product is the 213 amino acid pVHL protein, which functions 
as a tumor suppressor. The pVHL protein binds with elongin B, elongin C, 
and cullin 2 to form a "VBC complex" and acts as an E3 ubiquitin ligase. This 
complex decreases intracellular protein levels of the transcription factors 
hypoxia-inducible factors-1a (HIF1-a) and HIF2-a via ubiquitin-mediated deg- 
radation. HIF in turn regulates the expression of a number of genes, including 
the proangiogenic vascular endothelial growth factor, platelet-derived growth 
factor-B, the glucose receptor GLUT1, and carbonic anhydrase IX. Loss of 
pVHL leads to an increase in HIF-a, even in a normoxic environment.” 


Clinical Features 


VHL disease has been classified into the following two major subtypes: 


* Type |, which has a high risk of all tumors noted above except for pheo- 
chromocytoma, and 

• Type ||, which has pheochromocytoma with ог without other neoplasms. 
It is further categorized as type IIA (without RCC), type IIB (with RCC), 
and type IIC (almost exclusively pheochromocytomas). 


The majority of type 1 families have deletions or termination that lead to 
loss of VHL, whereas type 2 families are affected by missense mutations that 
reduce (but do not eliminate) the VHL function. The peak incidence of renal 
tumors is during the second and fourth decade of life. 

VHL disease is the most common cause of hereditary RCC and comprises 
approximately 3% of the total RCC incidence. Patients with VHL disease are 
at risk for developing clear-cell RCC (ccRCC) and multiple renal cysts, which 
occur in nearly two thirds of VHL patients. The mean age of onset of RCC 
in VHL patients is 44 years, and nearly 70% of patients who survive to age 60 
would have a tendency to develop RCC.? 

The lesion most commonly associated with VHL disease is hemangioblas- 
toma, affecting 60%-84% of patients. The majority of hemangioblastomas 
are located in the spinal cord, cerebellum, and brainstem, with only a small 
fraction of supratentorial lesions. VHL-associated hemangioblastomas tend 
to occur at younger age, with mean age of diagnosis of 29 years, whereas 
sporadic lesions occur one to two decades later: 

RCHs are also commonly seen in patients with VHL disease and will occur 
in up to 70% of VHL patients by age 60 years. RCHs are typically found either 
in the peripheral retina or the juxta-papillary region and are usually multifocal 
and bilateral. The mean age of presentation is 25 years. 

The clinical criteria to diagnose VHL disease consist of a positive fam- 
ily history and one CNS hemangioblastoma, a pheochromocytoma, or a 
ccRCC. If there is no family history of VHL disease, then two or more CNS 
hemangioblastomas or one CNS hemangioblastoma and a visceral tumor 
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(excluding epididymal or renal cysts) increase the suspicion toward VHL dis- 
ease. Confirmation can be obtained by DNA sequencing and dosage analy- 
sis using multiplex ligation-dependent probe amplification or Southern blot 
analysis of the VHL gene. The sensitivity and specificity of these methods are 
nearly 100%. 

Patients suspected of having VHL disease should be referred to spe- 
cialized centers for evaluation, genetic counseling, and definitive diag- 
nosis, even if there is no family history of VHL disease. Approved VHL 
clinical care centers are listed at http:/ /www.vhl.org/patients-caregivers/ 
living-with-vhl/clinical-care-centers/. These centers have been approved 
for standards of care that were developed by the VHL Family Alliance's 
Medical Advisory Board. 

Medical therapy for VHL disease is experimental. Sunitinib has demon- 
strated a partial response rate by response evaluation criteria for solid tumors 
in АСС.“ An ongoing clinical trial is testing pazopanib in the same patient pop- 
ulation. In patients with hemangioblastoma, pazopanib has shown improve- 
ment of neurological signs and reduction in radiological tumor volume.? For 
RCC tumors larger than 3 cm, partial nephrectomy is the preferred surgical 
method and appears to be as effective as total nephrectomy. 


Birt-Hogg-Dubé Syndrome 


Drs. Birt, Hogg, and Dubé first described the autosomal dominant transmis- 
sion of fibrofolliculomas with acrochordons and trichodiscomas. Later, BHD 
syndrome expanded to include extracutaneous manifestations such as pneu- 
mothorax, lung cysts, and renal tumors. 

The BHD gene encodes for folliculin (FLCN), which is believed to act as a 
tumor suppressor. FLCN binds with two other proteins that bind to adenos- 
ine monophosphate-activated protein kinase. The complex that is formed 
eventually downregulates mammalian target of rapamycin (mTOR) activity. 
Nearly 9076 of the BHD mutations include insertion, deletion, somatic frame- 
shift, or missense mutations. As a result, the truncated nonfunctional folliculin 
protein leads to increased activation of mTOR, which may contribute to RCC 
formation. RCC that is associated with BHD syndrome can present with a 
variety of histologies including (in decreasing order of frequency) chromo- 
phobe/oncocytic hybrid (nearly half of all the histological subtypes), chro- 
mophobe, clear-cell, oncocytoma, and papillary type." 

The renal manifestations of BHD syndrome remain clinically elusive, and 
the typical triad of hematuria, pain, and flank mass is only seen in a small frac- 
tion of patients. A path toward diagnosis begins with clinical suspicion, often 
raised by the discovery of suspicious cutaneous lesions that are confirmed 
by a dermatologist to be consistent with the stigmata of BHD syndrome. 
Radiological assessment usually includes computed tomography (CT) imag- 
ing, which helps in differentiating subtypes of RCC. Clear-cell, papillary, and 
collecting duct RCCs tend to show heterogeneous or peripheral enhance- 
ment, whereas chromophobe shows homogeneous enhancement with occa- 
sional calcifications.? 


Genetic testing involves DNA-based diagnosis that consists of a sequence 
analysis and test for exonic deletions. Detection of an FLCN mutation con- 
firms the diagnosis of BHD syndrome. 

Chromophobe RCC has a better prognosis in comparison with other his- 
tological subtypes. The recurrence-free survival at 5 years for those who have 
had surgical resection is 83% and cancer-specific survival is 89%. 


Hereditary Papillary Renal Carcinoma 


HPRC is inherited in an autosomal dominant manner, where affected individ- 
uals are at risk of developing type 1 papillary RCC, which is bilateral and mul- 
tifocal and associated with an early and late age of onset. Germline mutations 
occur in the MET proto-oncogene that encodes for MET, a transmembrane 
receptor tyrosine kinase. Hepatocyte growth factor binds to this receptor 
and acts in a paracrine manner to carry out various physiological processes 
including cell migration, proliferation, and tissue repair and regeneration. 
Although a number of different missense mutations have been identified, the 
majority of these lead to autophosphorylation of the MET protein, leading 
to overactivity and development of tumors.? Diagnosis is made by detecting 
the MET germline mutation, which may allow earlier diagnosis and treatment 
within families. 


Hereditary Leiomyomatosis and Renal 
Cell Carcinoma 


HLRCC is an autosomal dominant syndrome characterized by cutane- 
ous and uterine leiomyomata and solitary, rapidly growing renal tumors 
with a papillary type 2 histology.'? The renal tumors are highly aggressive 
and have a poor prognosis, warranting early detection in at-risk patients. 
Mutations in the FH gene are strongly associated with HLRCC. The FH 
gene encodes for fumarate hydratase, which converts fumarate to malate 
in the Krebs cycle. In the presence of a mutated FH protein, there is 
accumulation of fumarate, which inhibits the HIF-a prolyl-hydroxylase 
enzymes. This leads to accumulation of HIF-a in a fashion that is analo- 
gous to VHL mutations." 

HLRCC-associated renal tumors may cause hematuria, low back pain, and 
a palpable renal mass that is usually solitary and aggressive. Histologically, 
these renal tumors typically possess papillary features but can also demon- 
strate collecting duct or tubule papillary characteristics. The median age for 
detection of renal cancer in HLRCC is 44 years, and renal lesions occur in 
10%-16% of all patients with HLRCC. 

Clinical suspicion of HLRCC should be raised when there are multiple 
cutaneous leiomyomas with at least one histologically confirmed leiomyoma 
or a positive family history of HLRCC with one leiomyoma. Diagnosis is con- 
firmed by testing FH enzyme activity in cultured skin fibroblasts or lympho- 
blastoid cells (which show a «6076 activity) or by molecular genetic testing.’ 
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Regular surveillance for skin lesions every 2 years, annual gynecologic 
evaluation, and an annual surveillance CT scan with contrast or magnetic 
resonance imaging for evaluation of renal lesions are imperative in at-risk indi- 
viduals and family members of individuals diagnosed with the disease. 


Tuberous Sclerosis 


TS is an autosomal dominant condition in which affected individuals are at risk 
of developing multiple hamartomas in different organs. Only one third of TS 
cases are familial, whereas the remaining two-thirds can be due to spontane- 
ous mutations or mosaicism. The following two genetic loci have been identi- 
fied: one on chromosome 9 (TSC1) and one on chromosome 16p (TSC2) 
in a location immediately adjacent to the gene for the most common form 
of autosomal dominant polycystic kidney disease.!? Renal lesions are seen in 
fewer than 5% of patients. Associated renal lesions are mainly angiomyolipo- 
mas (AMLs) that, despite their benign nature, can cause severe morbidity due 
to hemorrhage or compression of healthy renal tissue. CNS lesions cause the 
main clinical manifestations of TS, such as behavioral changes, epilepsy, and 
learning impairment. 

The major issue with management of renal lesions in TS revolves around 
the potential of bleeding from AMLs. This can be managed by observa- 
tion, surgical removal, and embolization (for tumors larger than 4—8 cm). 
Everolimus was Food and Drug Administration approved for the medical 
management of AMLs in 2012 based on phase || data showing clinical benefit 
in patients with TSC. 


Translocation of Chromosome 3 


A rare type of inherited RCC involves translocations from the short arm of 
chromosome 3 to chromosomes 2, 6, 8, or 11. The breaks in this variant 
are different from those seen in VHL disease, thus patients affected with this 
translocation do not develop manifestations similar to those of VHL disease 
(unless the VHL gene is involved in the translocation). 

Akin to VHL patients, chromosome 3 translocation patients also have a 
tendency to develop ccRCC. The reasons for this unusual coincidence are not 
entirely understood. Studies suggest that the 3:8 translocation affects TRC8, 
which in turn may dysregulate p27 function in nascent tumor cells.!*/5 Further 
work is needed to understand the common elements in this rare RCC syn- 
drome. VHL disease may provide insight into the steps required for the devel- 
opment of clear-cell kidney cancer. 


Breast Cancer 1—Associated Protein-1 Mutation 


Breast cancer 1 (BRCA1)—associated protein-1 (ВАРТ) is a tumor suppres- 
sor gene that encodes a nuclear deubiquitinase. ВАРТ germline mutations 
have been reported to be associated with uveal and cutaneous melanomas 


and mesotheliomas. Recently, a subset of ccRCC patients was reported to 
carry germline mutations in BAP1. ВАРТ inactivation was also seen in 15% 
of sporadic ccRCC cases and was associated with high Fuhrman grade and 
poor patient survival. VHL and BAP1 are located on chromosome 3p. Several 
cases carrying BAP1 mutations also showed VHL mutations, indicating that 
combined mutations may cooperate to foster ccRCC development or 
progression. 


Overview of Management of Hereditary Renal 
Cell Carcinoma Lesions 


With the exception of VHL disease, no specific screening and surveillance 
guidelines have been laid out for hereditary cancers. Appropriate care for this 
patient group and their family members requires a blend of clinical suspicion, 
careful assessment of family history, and critical evaluation of the kidney on 
radiological imaging. Clinical evaluation should involve careful assessment for 
renal and extra-renal manifestations of the syndromes. Evaluation of the СМ5, 
eyes, and cardiovascular system is essential in patients suspected of harboring 
VHL disease. Evaluation of the skin by a dermatologist and dermatopathologist 
is required for patients suspected of having BHD syndrome, HLRCC, or TS in 
order to rule in or rule out the presence of characteristic dermatological find- 
ings. The presence of cystic disease in the lungs of suspected BHD carriers can 
help to narrow down the diagnosis. 

If a decision is made to perform genetic testing, the test should be per- 
formed under the supervision of a genetic counselor. Genetic counselors 
are equipped to address the psychological, social, legal, and biological conse- 
quences of a hereditary disease diagnosis and they can assist in the appropri- 
ate screening of additional at-risk family members. 

When performing radiological assessment of the kidney, multiple cysts and 
enhancing tumors are suggestive of VHL disease; solid enhancing lesions in 
the absence of multiple cysts suggest BHD or HPRC syndrome; and large, 
solitary, and poorly enhancing lesions suggest HLRCC. Once the diagnosis 
has been made for the inherited RCC, it is important to analyze the causative 
germline mutation. However, these tests do not indicate the aggressiveness 
of the disease, hence imaging is a necessary modality to monitor the trends of 
growth of such lesions and also identify new lesions. 

Usually, small tumors, especially those smaller than 3 cm, make partial 
nephrectomy a viable option. For VHL disease, HPRC, and BHD syndrome, 
tumors that are smaller than 3 cm in diameter generally are at low risk for 
metastasizing. Data on the behavior of renal masses of different sizes are 
lacking for other syndromes, and adopting the 3-cm guideline may be a rea- 
sonable approach if HLRCC is not suspected. For HLRCC, renal tumors 
tend to be aggressive, making it imperative to operate at the time of diagno- 
sis, provided metastases have not occurred. Alternatives to partial nephrec- 
tomy include radiofrequency ablation and cryotherapy, which are most 
effective in tumors that are exophytic, located away from the hilum, and 
«4 cm in diameter. 
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Conclusion 


The diagnosis of hereditary kidney cancer syndromes is important for the 
health of the affected individual as well as their family members. Timely 
screening of family members can lead to early detection and intervention 
for cancer and other organ manifestations associated with the syndrome, 
thereby decreasing disease-related morbidity for these individuals. Care must 
be taken to recognize the social, ethical, and legal concerns associated with 
a genetic diagnosis before disclosing the genetic information to family mem- 
bers, as the diagnosis affects the patient as well as their family members. 
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Chapter 5 


Interventional Radiology 
Procedures in Renal Cell 
Carcinoma 


Sharjeel H. Sabir and Alda L. Tam 


Introduction 


Interventional radiologists can be valuable members of a multidisciplinary 
treatment team. Team members can provide minimally invasive, image-guided 
diagnostic and therapeutic procedures for patients with renal cell carcinoma 
(RCC) such as image-guided biopsy, thermal ablation (TA), and transarterial 
embolization (TE). 


Image-Guided Renal Mass Biopsy 


Renal mass biopsy (RMB) is a procedure whereby a cannula is placed into the 
mass, through which smaller needles are placed to collect fine-needle aspi- 
rates and core biopsy specimens for cytopathological and histopathological 
analysis. Typically, computed tomographic (CT) or ultrasound is used to guide 
and confirm needle placement. 

Renal masses аге a common finding on diagnostic imaging, with 74% of 
new cases of RCC detected incidentally on imaging.! The probability of a 
renal mass representing RCC is correlated with the size of the mass: 72.176 
measuring up to 2 cm, 75.176 between 2 cm and 2.9 cm, and 82.576 between 
3 cm and 3.9 cm represent RCC.! The risk of metastases at presentation 
increases with tumor size, but patients with a 1-cm mass demonstrate a 1.476 
synchronous metastasis rate.? Given this heterogeneous behavior of small 
renal masses (SRMs) measuring <4 cm, obtaining a definitive tissue diagnosis 
not only distinguishes between benign and malignant disease but also pro- 
vides important prognostic information. Pathological analysis of a biopsy sam- 
ple can establish the Fuhrman grade and histological subtype, both important 
prognostic factors. 

Traditionally, SRMs were surgically excised without biopsy, which resulted 
in 17.3% of surgical resections being done for benign disease? As smaller 
renal masses continue to be discovered,’ a result of the increased use of 
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cross-sectional imaging, the percentage of surgical resections for benign 
disease could increase. In addition, despite the earlier detection and surgi- 
cal resection of RCC, there has not been a corresponding decline in mortal- 
ity, calling into question current therapeutic algorithms? in which RMB does 
not play a prominent role. Thus, more recent management approaches have 
looked at incorporating RMB to guide treatment. 

The routine use of image-guided RMB, particularly in the management 
of SRMs, has been limited for several reasons. Based on studies performed 
before 2001, the false-negative rate of RMB was as high as 1876 and the 
accuracy of RMB for cancer detection was as low as 88.9%.78 However, in 
studies performed after 2001, the accuracy of RMB for cancer detection 
and determination of histological subtype is reported to be 96% and 94%, 
respectively.”® The accuracy of RMB for assessing nuclear grade is 70%, which 
increases to 76%—100% if a simplified grading system (Fuhrman grade 1 and 
2 аге low risk and Fuhrman grade 3 and 4 are high risk) is used.”® Another 
issue that has limited RMB is concern about complications, particularly track 
seeding. Modern techniques show a major complication rate of 0.3% and a 
minor complication rate of «526.9 The risk of tumor seeding is 0.01%, and 
no cases of track seeding have been reported when a coaxial cannula tech- 
nique was used.^? 

Recent studies have shown the value of image-guided RMB for patients 
with SRMs. A 2013 study that used RMB as a basis for management deci- 
sions found that RMB guided appropriate therapy selection in up to 97% of 
patients. Moreover, a recent cost-effectiveness analysis showed that use 
of RMB to determine whether patients should undergo surgery for an SRM 
would generally result in a similar life expectancy but at lower cost when com- 
pared with empiric surgery.’ Lastly, in this era of personalized medicine, RMB 
provides a minimally invasive way to evaluate the genetic profile of an SRM, 
which could improve prognostication and guide management.'? 


Thermal Ablation 


The most common percutaneous, image-guided TA techniques used to man- 
age RCC are radiofrequency ablation (RFA) and cryoablation (CA). Other 
techniques such as high-intensity focused ultrasound and microwave ablation 
are not widely used, and studies are ongoing to determine their efficacy. 2 


Thermal Ablation for Primary Renal Cell Carcinoma 

The increasing number of smaller RCCs being discovered has stimulated 
interest in nephron-sparing approaches for extirpation of these tumors. 
Partial nephrectomy is the standard of care for managing SRMs because of 
the lower occurrence of chronic kidney disease and equivalent oncologic out- 
comes when compared with radical nephrectomy.? However, for patients 
with SRMs where surgical options are limited, TA can play an important role." 
For example, elderly patients, those with comorbidities that preclude sur- 
gery, patients with genetic syndromes that predispose them to multiple RCCs 
(Figure 5.1), and those with conditions that make nephron protection of the 


highest importance аге good candidates for TA."* The only absolute contra- 
indication to TA is an uncorrectable coagulopathy. Ideal lesions for TA are 
«4 cm, posteriorly located, and exophytic; however, larger tumors and those 
in other locations can be treated using techniques such as hydrodissection or 
pyeloperfusion in conjunction with TA, albeit with higher risks of incomplete 
ablation or complications.'* 

An advantage of TA over open partial nephrectomy (OPN) is the preser- 
vation of renal function. Patients with a solitary kidney who underwent OPN 
had a greater drop in estimated glomerular filtration rate compared with those 
patients who underwent RFA, 28.6% versus 11.4% (P < 0.001), respectively. 
The overall effectiveness of TA for the treatment of primary RCC was 
addressed by a recent review that showed the overall recurrence-free sur- 
vival for TA performed for SRM to be 8476-9476, with a cancer-specific 


Figure 5.1 Radiofrequency ablation (RFA) used to treat a primary renal cell 
carcinoma (RCC) in a 46-year-old woman with von Hippel-Lindau disease. 

(A) Contrast-enhanced axial computed tomography (CT) demonstrates cysts within 
both kidneys and a small, solid, enhancing nodule (arrow) in the right kidney repre- 
senting an RCC. Surgical clips are seen around the right kidney from a prior partial 
nephrectomy. (B) Noncontrast axial CT with the patient prone and an RFA probe in 
the RCC of the right kidney. (C) Post-ablation, contrast-enhanced axial CT showing 
no residual enhancement within the ablated RCC. (D) Contrast-enhanced axial CT 
obtained 2 years after RFA treatment shows involution of the ablation zone and no 
residual tumor (arrow). This CT showed development of a new enhancing nodule (not 
shown) in the contralateral kidney that was also treated with RFA. 
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survival of 8976—10076. No differences in the effectiveness or complication 
rate between percutaneous RFA and CA were found. Compared with lapa- 
roscopic TA, percutaneous TA was found to have a trend to fewer complica- 
tions and decreased cost.'” 


Thermal Ablation for Metastatic Renal Cell Carcinoma 


Cytoreductive nephrectomy and metastasectomy, both with demonstrated 
survival benefit,’ remain important in the management of patients with 
metastatic RCC (mRCC). When surgery is not an option, percutaneous 
image-guided TA can be beneficial in select patients for addressing tumor in 
the kidney and metastases at various sites. 

For instance, the survival benefit of kidney RFA as an alternative to cyto- 
reductive nephrectomy in patients with mRCC who were not surgical can- 
didates was shown in a small series of 15 patients.'? In another study of 38 
patients with mRCC who had 66 metastases to liver, lung, kidney, adrenal, 
and/or soft tissues, the overall survival during the average 10-month observa- 
tion period was 100%.20 

CA has also been used in the treatment of mRCC. Research is emerging 
that supports its use as a metastasectomy technique, particularly for musculo- 
skeletal oligometastatic disease." 


Thermal Ablation for Palliation of Bone Pain from 
Metastatic Renal Cell Carcinoma 


Osseous structures are the second most common site of metastatic disease 
in RCC after the lungs,? and 50% of patients who develop skeletal metasta- 
ses from any primary cancer have poorly controlled pain during their disease 
course.? Because standard therapies (radiation, surgery, chemotherapy, and 
analgesics) have limitations, TA can be valuable in the management of bone 
pain (Figure 5.2). The mechanism for pain relief following TA is multifactorial 
and related to the destruction of sensory nerve fibers that supply the peri- 
osteum, debulking tumor volume, destruction of cytokine-producing tumor 
cells, and inhibition of osteoclast activity.” 


Transarterial Embolization 


During TE, a catheter is directed into the arteries that supply the tumor. 
Targeted delivery of an embolic agent is then performed with the intent of 
devascularizing the tumor and inducing necrosis. TE can be used as a tool 
for pain palliation, symptom control, and cytoreduction or as an adjunct to 
a planned surgical intervention. When preoperative embolization has been 
performed, surgical resection should follow within a 24- to 36-hour window 
in order to avoid revascularization.5-7 


Embolization of Kidney Tumors 


Preoperative TE of large renal masses has been evaluated for the reduction 
of intraoperative blood loss. In a group of 93 patients undergoing nephrec- 
tomy, 24 patients underwent preoperative renal artery embolization (RAE) 
with ethanol. In patients with renal masses 7250 сс in volume (diameter of 


Figure 5.2 Сгуоабјаџоп and cementoplasty used to palliate a painful left acetabular renal 
cell carcinoma (RCC) metastasis in a 57-year-old woman. (A) Baseline, contrast-enhanced, 
coronal computed tomography (CT) shows a bulky left renal mass and a large left 
acetabular metastasis with associated pathological fracture. (B) Axial CT showing place- 
ment of one of the four cryoablation probes used for cryoablation of the bone-soft 
tissue interface. (C) Axial CT shows placement of the polymethylmethacrylate cement 

on the day after cryoablation to stabilize the weight-bearing portion of the acetabulum. 
(D) Contrast-enhanced, coronal CT obtained 10 months after cryoablation shows no 
evidence of residual enhancing tumor in the acetabulum and no additional pathological 
fractures. The patient's pain was well controlled and she had started on pazopanib 
therapy, resulting in partial necrosis (absence of enhancement) of the left renal mass. 


27.4 cm) who underwent complete RAE, mean operative blood loss was 
significantly less than in those who did not undergo RAE (250 cc versus 800 
cc; P = 0.01) Whether preoperative RAE is associated with survival benefit 
is debatable, as one study demonstrated significant benefit" while another 
study of comparable design did not.”? 

TE of renal tumors can be used for cytoreduction. Of 54 patients with inop- 
erable mRCC who underwent RAE with ethanol, the median survival was 229 
days compared with 116 days for those in the control group (P = 0.019).3? TE can 
also serve apalliative role by addressing specific symptoms such as hema- 
turia (Figure 5.3),perinephric hematoma, flank pain, hypercalcemia, and 
hypertension.?'33 


Embolization of Osseous Metastatic Disease 


There are no prospective, randomized studies on the use of TE prior to 
resection of osseous metastases. However, retrospective data exist to docu- 
ment a significant reduction in intraoperative blood loss for mRCC patients 
who undergo preoperative embolization. For most surgeons, preoperative 
embolization is a prerequisite to spinal surgery.?**' TE can also be used as 
a technique for pain palliation from bone metastases. The devascularization 
and debulking of the tumor eases the compression and pressure effects on 
the periosteum, nerves, and surrounding structures to provide symptomatic 
relief.?? The onset of pain relief can be as early as 12 hours following the 
procedure, and duration ranges from 2 to 12 months.?^* 
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Figure 5.3 Transarterial embolization of a primary renal cell carcinoma with 

ethanol was done to palliate the symptoms of a 66-year-old man who developed 

gross hematuria after being placed on antiplatelet therapy following coronary artery 
stenting. (A) Contrast-enhanced axial computed tomography of the abdomen 

shows a 7-cm lower pole mass in the right kidney that invades the collecting system. 
(B) Pre-embolization digital subtraction angiogram (DSA) shows the hypervascular 
lower pole mass and its blood supply. (C) DSA after selective embolization of the 
inferior polar branch of the right renal artery with ethanol shows no further blood flow 
to the majority of the tumor. The patient's hematuria resolved after the procedure and 
he resumed antiplatelet therapy for his recently placed coronary artery stent. 
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Chapter 6 


Management of Small Renal 
Masses and Early-Stage Renal 
Cell Carcinoma 


Surena F. Matin 


Introduction 


With the increase in cross-sectional abdominal imaging modalities, the detec- 
tion rate of small renal masses (SRMs), defined as measuring <4 cm in size, 
has increased from less than 15% of all renal masses diagnosed in the early 
1970s to more than 50% in recent years.’ Traditionally, radical nephrectomy 
was performed because most cases were identified at a higher stage and 
when the mass was of a larger size. With smaller tumors diagnosed at early 
stages, the goals of therapy are to achieve oncologic control and to preserve 
maximal renal function. In the management of SRMs, partial nephrectomy 
has become the reference-standard nephron-sparing therapy and has excel- 
lent long-term oncologic outcomes.? Parallel advances in surgical techniques 
have allowed radical and partial nephrectomy to be performed with minimally 
invasive techniques. However, for a subgroup of patients—those with com- 
peting morbidities, poor renal function, anatomic challenges, or hereditary 
syndromes, which make multiple interventions likely—surveillance and abla- 
tive therapies are potentially more attractive alternatives. 


Active Surveillance 


Surveillance of the SRM as an alternative to surgery was a novel concept 
when first introduced in 1995.3 The context for greater acceptance for this 
option included a greater understanding of tumor biology, for example, the 
high incidence of benign tumors, particularly when tumors are smaller than 
3 cm and patients are elderly, and the relationship between size and tumor 
progression that has been elaborated in patients with hereditary syndromes. 
Other factors that led to acceptance of surveillance were the recognition of 
competing risks of death and, worldwide, the threat of chronic kidney disease 
and its association with reduced survival. Surveillance represents the ultimate 
noninvasive, kidney-sparing option. 
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Several studies and metaanalyses assessing the outcomes of SRMs have 
been published in the past decade. Overall, these studies show a gener- 
ally slow rate of growth, about 0.3 cm/year (a fast growth rate is generally 
accepted as 70.5 cm/year).* The risk of metastatic progression appears to 
be very low, and progression is generally seen in patients with tumors larger 
than 3 cm who are under observation.** Furthermore, delayed therapy does 
not seem to limit treatment options or confer a risk of stage progression.* It 
is also recognized that tumor growth does not provide evidence of malignant 
histology, as benign tumors have been documented to grow and renal cell 
carcinoma (RCC) may not.>” 

Candidates for surveillance include patients with SRMs «3 cm in diameter 
who are physiologically elderly and/or have significant medical comorbidities. 
Whenever possible, biopsy is encouraged in order to be proactively informed 
of the tumor's histology, particularly whether it is benign or malignant. 
Biopsy-proven benign tumors may be observed less stringently, for example, 
annually rather than semi-annually. However, since this type of tumor has 
been documented to grow, continued imaging is still recommended. The role 
of biopsy for active surveillance remains unclear. The common philosophy is 
that patients have a right to know whether they have cancer, even if it may not 
immediately alter management. With awareness of the nature of the mass, 
the physician can be more proactive if there are changes in tumor size over 
time. In some cases, patients may prefer to forgo biopsy since it may not alter 
management. 

In regard to timing of surveillance, after two studies are obtained 
3—4 months apart to establish the indolent nature of the lesion, imaging is 
performed every 6 months. In general, after 2 years, tumors that remain very 
indolent and with no change can be followed annually. Table 6.1 summarizes 
indications for surveillance and a suggested clinical pathway. 


Thermal Ablation 


Both cryoablation and radiofrequency ablation can be used in the kidney and 
are discussed in chapter 5. Indications and contraindications for ablative ther- 
apy are listed in Table 6.2. 


Partial Nephrectomy 


Several long-term studies have shown equivalent survival rates of patients 
who underwent nephron-sparing surgery (INSS) versus radical nephrec- 
tomy for a unilateral renal tumor <4 cm in size.9'? Rates of 5- and 10-year 
recurrence-free survival after NSS were shown to be comparable to those 
after radical nephrectomy. The risk of recurrence increases with larger 
tumors, bilateral tumors, multifocality, symptoms, and certain histologies 
such as papillary КСС." Additionally, increasing attention should be given 
to the rising rates of chronic kidney disease, the interplay between kidney 


Table 6.1 Indications and Suggested Clinical Pathway for 


Patients on Active Surveillance for a Small Renal Mass 


Tumor Indications 


Tumor diameter «3 cm (ideally) 


Any tumor depth and location; these factors are relevant for consideration of biopsy 
only; small, completely intrarenal tumors have a high likelihood of nondiagnostic 
biopsy 


Patient Indications 


Elderly physiologic age or health status unfit for major surgery or anesthesia 


Major medical comorbidities or another primary malignancy that requires active 
therapy 


Need to minimize time off anticoagulation or antiplatelet compounds 


Prior ipsilateral partial nephrectomy or other major renal surgery 


Von Hippel-Lindau or other genetic syndrome 


Chronic kidney disease 


Contraindications 


Relative contraindications: 

-Young or healthy patient who is a candidate for definitive surgical extirpation 
-Tumor >4 cm 

-Hilar tumor location 


Absolute contraindication: 


-Uncontrolled coagulopathy 


Suggested Clinical Pathway 


Consider percutaneous core biopsy + fine-needle aspiration 


Obtain second imaging study (if not already available) within 3-4 months to confirm 
that lesion is indolent 


Obtain as first or second imaging a dedicated renal mass protocol computed 
tomography or magnetic resonance scan to confidently characterize mass; future 
imaging can be de-escalated if mass is well characterized initially 


Continue imaging every 6 months 


After 2 years, if mass remains unchanged and <2 cm in the setting of elderly age, 
consider following annually 


disease and cardiovascular disease, and the association of subsequent kidney 
disease with radical nephrectomy. A European randomized study of partial 
versus radical nephrectomy has raised some questions regarding the benefit 
of NSS.? However, given the contradictory results within the study and the 
small numbers of patients that resulted in early termination, the shift toward 
favoring NSS continues. 

Contemporary indications for NSS are listed in Table 6.3. Recent prospec- 
tive data suggest a significant improvement in quality of life for patients who 
undergo NSS versus radical nephrectomy.'?> However, there remains some 
question regarding those who undergo radical nephrectomy and have less 
worry, while those with better renal function enjoy a better quality of life.'* 
Patients who undergo NSS appear to have a lower long-term risk of renal 
failure." 
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Table 6.2 Indications and Contraindications for Ablative 


Therapy 


Tumor Indications 


Tumor diameter «3.5 cm (ideally) 


Enlargement of renal mass to 23 cm during active surveillance 


Peripheral location; a central location is less favorable but not a contraindication 


Tumor location appropriate for percutaneous or laparoscopic access 
- Lower pole tumors at higher risk for ureteral injury during percutaneous route 


- Anterior tumors near bowel not ideal for percutaneous route without adjunctive 
maneuvers 


Patient Indications 


Elderly physiologic age or health status unfit for major surgery 


Major medical comorbidities or another primary malignancy that requires active 
therapy 


Von Hippel-Lindau or other genetic syndrome 
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Chronic kidney disease 


Solitary kidney 


Prior partial nephrectomy 


Contraindications 


Young or healthy patient who is a candidate for definitive surgical extirpation 


Uncontrolled coagulopathy 


Table 6.3 Indications, Considerations, and Contraindications 


for Nephron-Sparing Surgery 


Tumor Indications 


Single renal tumor <4 cm, normal contralateral kidney 


Single polar tumor 4—7 cm, normal contralateral kidney 


Any size tumor with any of the following: 

- Bilateral renal tumors 

- Systemic condition that threatens renal function (eg, diabetes mellitus) 

- Local condition that threatens contralateral kidney (eg, stone disease, renal artery 
stenosis) 

- Chronic kidney disease 

- Solitary functioning kidney 


Considerations 


Be mindful that central and hilar tumors have higher risk of hemorrhage and urinary 
leakage but are not contraindicated for partial nephrectomy 


Minimize ischemia time to maintain long-term renal function 


Resect minimal surrounding normal renal tissue 


Contraindications 


Uncontrolled coagulopathy 


Radical Nephrectomy 


Radical nephrectomy was considered the gold standard for kidney cancer 
for many decades until it was recently supplanted by partial nephrectomy. 
Fifty years ago the original description of radical nephrectomy included early 
vascular ligation, extrafascial dissection of the kidney outside Gerota's fas- 
Cia, en bloc resection of the adrenal gland, and extensive lymphadenectomy 
from the crus of the diaphragm to the aortic bifurcation.1® Since then, we 
have learned that such "radical" maneuvers are largely unnecessary, includ- 
ing routine removal of the ipsilateral adrenal gland and extensive lymph- 
adenectomy, the role of which remains controversial from a therapeutic 
регзресиме.1 > Additionally, the open radical nephrectomy approach has 
been largely supplanted by a laparoscopic one, particularly for low to inter- 
mediate clinical-stage primary tumors, as described in the next section. In 
general, in contemporary practice, an open radical nephrectomy for treat- 
ment of a cT1a RCC would be considered not only overly invasive but also 
overextirpative from a surgical standpoint. Similarly, a laparoscopic radical 
nephrectomy (LRN) for a cT1a RCC, in general, would appear to be over- 
treatment. Certainly, individual patient and tumor factors, anticipated mor- 
bidity, and anticipated post-operative renal function play a role in shared 
decision-making discussions with the patient. 


Laparoscopic and Robotic Approaches 


Several 5- and 10-year follow-up studies have shown equivalent survival of 
patients who underwent LRN versus open radical nephrectomy.???* The 
well-documented benefits of LRN include reduced blood loss, reduced pain 
and narcotic analgesic requirement, quicker ambulation, faster resumption of 
oral diet, shorter hospitalization, and more rapid convalescence. Table 6.4 
summarizes contemporary indications for an LRN. Owing to continued 
advances in technology and surgical innovation, it is expected that some of 
these indications may be conducive to less invasive approaches. Most clini- 
cal T1-2 tumors «13 cm in size and some T3a-b tumors are amenable to 
laparoscopic excision.” Complication rates are comparable to those for 
open surgery, with an overall average of approximately 1226—15262577 LRN 
is an accepted standard for the overwhelming majority of clinically local- 
ized RCCs and for some locally advanced cases. Laparoscopic cytoreduc- 
tive nephrectomy for patients with metastatic disease is associated with 
the same advantages as in the nonmetastatic setting and, as a result of the 
more rapid recovery, may be associated with a shorter time until initiation of 
systemic therapy.?9?? 

More recently, disturbing trends have been noted in regard to the overuse 
of radical nephrectomy for SRMs that could otherwise be treated by partial 
nephrectomy.3??! |t appears that owing to the ease of performing a laparo- 
scopic nephrectomy and its dissemination, coupled with slow acceptance of 
partial nephrectomy and the more difficult training for minimally invasive par- 
tial nephrectomy, most urologists are opting for minimally invasive complete 
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Table 6.4 Indications and Contraindications for Laparoscopic 


Radical Nephrectomy 


Indications 


Tumor diameter 74 cm; <13 cm (upper limit based on surgeon assessment) 


Clinical stage Т1, T2, 13a (perinephric or sinus extension) 


M+ disease fulfilling above criteria, with good performance status 


Contraindications 


Relative contraindications (dependent on surgeon and individual findings): 
- Extensive perinephric extension 

- Prior renal surgery 

- Tumor amenable to partial nephrectomy 

- Hilar adenopathy 

- Tumor thrombus within vena cava (cT3a-c) 

- Invasion of surrounding organs (cT4) 


Absolute contraindications: 
- Uncontrolled coagulopathy 


removal. This comes at a time when we are more acutely aware of long-term 
dangers and concerns regarding chronic kidney disease.? It is hoped that the 
introduction of robotic laparoscopic approaches will increase the use of mini- 
mally invasive partial nephrectomy. 

When performed by high-volume urologists, LPN has been shown to 
be an effective, minimally invasive nephron-sparing approach for selected 
small renal tumors.*? It largely adheres to principles of open surgery, 
including hilar clamping, sharp dissection of the renal tumor with a margin 
of normal tissue in a bloodless field, suture ligation of the pelvicalyceal 
collecting system and central renal vessels, and parenchymal reconstruc- 
tion.? However, it remains a challenging surgical endeavor that requires 
extensive laparoscopic experience. With the advent of a robotic surgery 
platform (eg, daVinci, Intuitive Corp., Sunnyvale, CA), which enables and 
facilitates laparoscopic surgery, the laparoscopic approach to NSS may be 
facilitated. 

Robotic partial nephrectomy (RPN) represents the most recent evolution 
of minimally invasive NSS. Given the concern about overuse of LRN, the 
growing popularity of RPN may enable a larger number of urologists to pro- 
vide minimally invasive NSS to their patients. Current data suggest that RPN 
is associated with a shorter warm ischemia time and a shorter operation 
than LPN, with these advantages being seen even for surgeons experienced 
with LPN.3435 


References 


1. Fisher HA. Management of small renal cancers: choices for the patient and phy- 
sician. J Urol. 2006;176(5):1907—1908. 


2. Campbell SC, Novick AC, Belldegrun A, et al. Guideline for management of the 
clinical T1 renal mass. J Urol. 2009;182(4):1271-1279. 


"d 


> 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19: 


Bosniak MA. Observation of small incidentally detected renal masses. Semin 
Urol Oncol. 1995;13:267—272. 

unkle DA, Egleston BL, Uzzo RG. Excise, ablate or observe: the small renal 
mass dilemma—a meta-analysis and review. J Urol. 2008;179(4):1227-1233. 
unkle DA, Crispen PL, Chen DYT, Greenberg RE, Uzzo RG. Enhancing 
renal masses with zero net growth during active surveillance. J Urol. 
2007;177(3):849—853. 

unkle DA, Crispen PL, Li T, Uzzo RG. Tumor size predicts synchronous met- 
astatic renal cell carcinoma: implications for surveillance of small renal masses. 
J Urol. 2007;177(5):1692—1696; discussion 1697. 

awaguchi S, Fernandes KA, Finelli A, Robinette M, Fleshner N, Jewett MA. 


Most renal oncocytomas appear to grow: observations of tumor kinetics with 
active surveillance. J Urol. 2011;186(4):1218—1222. 


. Novick AC, Gephardt G, Guz B, Steinmuller D, Tubbs RR. Long-term 


ollow-up after partial removal of a solitary kidney [see comments]. N Engl J 
Med. 1991;325(15):1058—1062. 


Belldegrun A, Tsui KH, deKernion JB, Smith RB. Efficacy of nephron-sparing 
surgery for renal cell carcinoma: analysis based on the new 1997 
tumor-node-metastasis staging system. | Clin Oncol. 1999;17(9):2868–2875. 


Herr HW. Partial nephrectomy for unilateral renal carcinoma and a normal 
contralateral kidney: 10-year followup. J Urol. 1999;161(1):33-34; discussion 
34-35. 


Fergany AF, Hafez KS, Novick AC. Long-term results of nephron spar- 
ing surgery for localized renal cell carcinoma: 10-year followup. J Urol. 
2000;163(2):442—445. 

Van Poppel Н, Da Pozzo L, Albrecht W, et al. A prospective, randomised 
EORTC intergroup phase 3 study comparing the oncologic outcome of elec- 
tive nephron-sparing surgery and radical nephrectomy for low-stage renal cell 
carcinoma. Eur Urol. 2011;59(4):543-552. 


Clark PE, Schover LR, Uzzo RG, Hafez KS, Rybicki LA, Novick AC. Quality 
of life and psychological adaptation after surgical treatment for localized 
renal cell carcinoma: impact of the amount of remaining renal tissue. Urology. 
2001;57(2):252—256. 

Ficarra V, Novella G, Sarti A, et al. Psycho-social well-being and general health 


status after surgical treatment for localized renal cell carcinoma. Int Urol 
Nephrol. 2002;34(4):441—446. 


Shinohara N, Harabayashi T, Sato S, Hioka T, Tsuchiya K, Koyanagi T. Impact 
of nephron-sparing surgery on quality of life in patients with localized renal cell 
carcinoma. Eur Urol. 2001;39(1):114—119. 


Parker PA, Swartz R, Fellman B, et al. Comprehensive assessment of quality 
of life and psychosocial adjustment in patients with renal tumors undergoing 
open, laparoscopic and nephron sparing surgery. J Urol. 2012;187(3):822-826. 
Lau W, Blute ML, Weaver AL, Torres VE, Zincke H. Matched comparison 
of radical nephrectomy vs nephron-sparing surgery in patients with unilateral 
renal cell carcinoma and a normal contralateral kidney. Mayo Clin Proc. 2000 
Dec;75(12):1236-1242. 

Robson C], Churchill BM, Anderson W. The results of radical nephrectomy 
for renal cell carcinoma. J Urol. 1969;101 (3):297-301. 


Skinner DG, Vermillion CD, Colvin RB. The surgical management of renal cell 
carcinoma. J Urol. 1972;107(5):705—710. 


| CHAPTER 6 Early-Stage Renal Cell Carcinoma 


7 CHAPTER 6 Early-Stage Renal Cell Carcinoma 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Robson CJ, Churchill BM, Anderson W. The results of radical nephrectomy 
for renal cell carcinoma. Trans Am Assoc Genitourin Surg. 1968;60:122—129. 


Freedland SJ, Dekernion JB. Role of lymphadenectomy for patients undergo- 
ing radical nephrectomy for renal cell carcinoma. Rev Urol. 2003;5(3):191—195. 


Chapin BF, Delacroix SE Jr, Wood CG. The role of lymph node dissection in 
renal cell carcinoma. Int J Clin Oncol. 2011;16(3):186—194. 


Hemal AK, Kumar A, Kumar R, Wadhwa P, Seth A, Gupta NP. Laparoscopic 
versus open radical nephrectomy for large renal tumors: a long-term prospec- 
tive comparison. | Urol. 2007;177(3):862-866. 


Permpongkosol S, Bagga HS, Romero FR, Sroka M, Jarrett TW, Kavoussi LR. 
Laparoscopic versus open partial nephrectomy for the treatment of patho- 
logical T1NOMO renal cell carcinoma: a 5-year survival rate [see comment]. 
J Urol. 2006;176(5):1984—1988; discussion 1988-1989. 


Hoang AN, Vaporcyian AA, Matin SF. Laparoscopy-assisted radical nephrec- 
tomy with inferior vena caval thrombectomy for level Il to Ill tumor throm- 
bus: a single-institution experience and review of the literature. J Endourol. 
2010;24(6):1005—1012. 


Matin SF, Abreu S, Ramani A, et al. Evaluation of age and comorbidity 
as risk factors after laparoscopic urological surgery. J Urol. 2003;170 
(4 Pt 1):1115-1120. 


Hsu TH, Gill IS, Fazeli-Matin S, et al. Radical nephrectomy and nephroureter- 
ectomy in the octogenarian and nonagenarian: comparison of laparoscopic 
and open approaches. Urology. 1999:53(6):1121—1125. 


Matin SF, Madsen LT, Wood CG. Laparoscopic cytoreductive nephrectomy: the 
M. D. Anderson Cancer Center experience. Urology. 2006;68(3):528-532. 


Walther MM, Lyne JC, Libutti SK, Linehan WM. Laparoscopic cytoreduc- 
tive nephrectomy as preparation for administration of systemic interleukin-2 
in the treatment of metastatic renal cell carcinoma: a pilot study. Urology. 
1999:53(3):496—501. 

Hollenbeck BK, Taub DA, Miller DC, Dunn RL, Wei JT. National utilization 
trends of partial nephrectomy for renal cell carcinoma: a case of underutiliza- 
tion? Urology. 2006;67(2):254—259. 


Miller DC, Hollingsworth JM, Hafez KS, Daignault S, Hollenbeck BK. Partial 
nephrectomy for small renal masses: an emerging quality of care concern? 
J Urol. 2006;175(3 Pt 1):853–857; discussion 858. 


Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease 
and the risks of death, cardiovascular events, and hospitalization. N Engl J Med. 
2004;351(13):1296—1305. 


Gill IS, Matin SF, Реза! MM, et al. Comparative analysis of laparoscopic 
versus open partial nephrectomy for renal tumors in 200 patients. J Urol. 
2003;170(1):64—68. 


Benway BM, Bhayani SB, Rogers CG, et al. Robot assisted partial nephrec- 
tomy versus laparoscopic partial nephrectomy for renal tumors: a 
multi-institutional analysis of perioperative outcomes [see comment]. J Urol. 
2009;182(3):866–872. 

Faria E, Caputo P, Wood C, Karam J, Nogueras-Gonzalez G, Matin SF. Robotic 
partial nephrectomy shortens warm ischemia time, reducing suturing time 


kinetics even for an experienced laparoscopic surgeon: a comparative analysis. 
World J Urol. 2014;32(1):265—271. 


Chapter 7 


Staging and Surgical 
Management of Locally 
Advanced Renal Cell 
Carcinoma and the Role of 
Adjuvant and Neoadjuvant 
Therapy 


Dae Y. Kim, Jose A. Karam, and Christopher G. Wood 


Introduction 


It is estimated that there will be 63,920 new cases of kidney and renal pelvis 
tumors with 13,860 deaths in the United States in 2014.1 The lifetime risk of 
developing renal cell carcinoma (RCC) is 1 in 62, with major vein involve- 
ment (renal vein and inferior vena cava) occurring in 4%-10% of cases and 
metastatic spread in as many as 4076? For patients who undergo surgery 
with curative intent, approximately 3076 develop recurrence. Therefore, 
the management of patients with RCC involves a multidisciplinary approach 
with proper staging, risk stratification, surgery, and systemic therapy when 
indicated. 


Staging 


The most current staging system defines RCC tumor within the confines of 
the kidney as T1 and T2 disease and tumor extending beyond the kidney is 
2T3 (Table 7.1)? А T1a tumor is <4cm and a T1b tumor is between 4 and 
7cm in diameter. Tumors larger than 7cm and smaller than 10cm are classi- 
fied as T2a, and tumors measuring >10cm and confined to the kidney are 
classified as T2b. There are three sub-classifications of T3 disease, with T3a 
defined as tumor extending into the renal vein only or tumor extending into 
perinephric or sinus fat and limited within Gerota's fascia. The extension of 
thrombus into the inferior vena cava (IVC) and below the diaphragm is clas- 
sified as T3b, with extension above the diaphragm or spread into the walls of 
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Table 7.1 2010 American Joint Committee on Cancer Staging 


System for Renal Cell Carcinoma 


Primary Tumor (T) 


TX Primary tumor cannot be assessed 


TO No evidence of primary tumor 


T1 Tumor 7 cm or less in greatest dimension, limited to the kidney 


T1a Tumor 4 cm or less in greatest dimension, limited to the kidney 


1b Tumor more than 4 cm but not more than 7 cm in greatest dimension limited 
to the kidney 


T2 Tumor more than 7 cm in greatest dimension, limited to the kidney 


Т2а Tumor more than 7 cm but less than or equal to 10 cm in greatest dimension, 
limited to the kidney 


2b Tumor more than 10 cm, limited to the kidney 


T3 Tumor extends into major veins or perinephric tissues but not into the ipsilateral 
adrenal gland and not beyond Gerota's fascia 


T3a Tumor grossly extends into the renal vein or its segmental (muscle 
containing) branches, or tumor invades perirenal and/or renal sinus fat but not 
beyond Gerota's fascia 


3b Tumor grossly extends into the vena cava below the diaphragm 


3c Tumor grossly extends into the vena cava above the diaphragm or invades 
the wall of the vena cava 


T4 Tumor invades beyond Gerota's fascia (including contiguous extension into the 
ipsilateral adrenal gland) 


Regional Lymph Nodes (N) 


NX Regional lymph nodes cannot be assessed 


МО No regional lymph node metastasis 


N1 Metastasis in regional lymph node(s) 
Distant Metastasis (M) 
MO No distant metastasis 


M1 Distant metastasis 


Anatomic Stage/Prognostic Groups 


Stage | T1 NO MO 
Stage || T2 NO MO 
Stage || T1 or T2 N1 MO 
T3 NO or N1 MO 

Stage IV T4 Any N MO 
Any T Any N M1 


Source: Edge SB, American Joint Committee on Cancer. American Cancer Society. AJCC Cancer 
Staging Handbook: from the AJCC Cancer Staging Manual. 7th ed. New York: Springer; 2010. 


the IVC defined as T3c disease. T4 disease describes tumor extending beyond 
Gerota's fascia or ipsilateral direct adrenal gland invasion. 

Regional lymph nodes (LNs) are designated as N1 when they are involved, 
and distant metastasis is designated as M1. The tumor, nodal, and metastasis 
(TNM) staging system incorporates prognostic groups that describe stage | as 
T1, NO, and MO and stage || as T2, NO, and MO. The 5-year cause-specific 


Table 7.2 Venous Thrombus Staging Systems for Renal 
Cell Carcinoma 


Landmark Staging Systems 
TNM Neves? Novick’ Hinman’ Robson? 
(2010): 
КУ ТЗа 0 | 
МС «2cm above RV | 
МС 22cm above RV T3b || || ША 
МС at hepatic veins | | || 
Above diaphragm 198 IV IV Il 


Source: Adapted from Pouliot et al. J Urol 184 (3): 833-841, September 2010.7! 
IVC, inferior vena cava; RV, renal vein. 


survival for stage | and || disease is 92.8%.* Stage Ill includes either T1 or T2 
and N1 without distant metastasis (MO) or T3 with (NO) or without nodal 
(N1) involvement and without distant metastasis (MO). Stage IV describes T4 
disease without distant metastasis or any T disease with distant metastasis 
(M1). The 5-year survival is 64.2% for stage Ill disease and 11.9% for stage 
IV disease.* 

The extension of the venous thrombus (VT) is staged depending on its 
location (Table 7.2). Classification systems have been proposed by Neves, 
Novick,$ Hinman,’ and Robson.? The VT at the height of the hepatic veins is 
classified as ||, and above the diaphragm as IV using the Neves and Novick 
classifications. Stage Il for Novick and Neves includes more than 2cm above 
the renal vein. Stage | for Neves includes less than 2cm above the renal vein, 
and stage 0 when the renal vein is included. For the Novick classification, 
stage | includes VT within the renal vein and up to 2 cm from the renal vein 
ostium. The Hinman classification includes stage | for extension into the МС 
of more than 2cm, stage | for extension to the hepatic veins, and stage III for 
extension above the diaphragm. The Robson classification marks VT to the 
renal vein and IVC as stage IIIA, without distinction in the cephalad extent of 
tumor. 


Imaging 


To properly assess the stage of RCC, the extent of tumor burden, and dis- 
tant metastasis, it is crucial to obtain the appropriate imaging studies prior to 
therapeutic intervention. The widespread availability of computed tomogra- 
phy (CT) has made it the initial diagnostic modality of choice. A VT should be 
suspected with the presence of lower extremity edema, varicocele, pulmo- 
nary embolism, dilated superficial veins, and a filling defect in the IVC or right 
atrium. Therefore, for locally advanced disease (T3 and higher), it is impor- 
tant to assess the extension of VT or invasion into the vena cava for proper 
staging and intervention. 

The current imaging modality of choice for assessing extension of VT in the 
major vessels is magnetic resonance imaging (MRI). MR venography allows 
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the accentuation of venous anatomy to assist in further surgical planning and 
interventions including venovenous bypass, cardiopulmonary bypass, and 
permissive hypothermic arrest. Recent advancements in multi-detector CT 
with reconstruction of images have increased the sensitivity of CT for detect- 
ing and correctly staging VT involvement.’ Although MRI is currently the pre- 
ferred method, patient-related restrictions such as metal implants, gadolinium 
allergy, and severe claustrophobia with prolonged scanning durations, may 
restrict its use and compel the use of CT. 

If MRI and CT imaging are contraindicated or limited in their use and fur- 
ther characterization is desired, invasive venography may also be considered. 
Ultrasound is another modality used to characterize renal masses; however, 
its use preoperatively is limited in assessing VT extent. Transesophageal echo- 
cardiography is used intraoperatively to provide real-time assessment of VT 
in the right atrium, to monitor for dislodgement or retraction, and to confirm 
complete removal. 


Prognostic Factors 


Patient, surgical, and pathological characteristics are prognostic indica- 
tors that affect survival in RCC. Prognostic models that incorporate com- 
promised performance/functional status, serum laboratory abnormalities 
(Tlactate dehydrogenase, TCa**), higher T stage of tumor with presence of 
nodal and metastatic disease, presence of necrosis or sarcomatoid features, 
and fat invasion portend a worse prognosis. Outcome prediction models 
have been developed for clear-cell renal cell carcinoma (ccRCC) after radical 
nephrectomy (RN) to estimate cancer-specific survival based on tumor stage, 
size, grade, and necrosis (SSIGN score). The University of California—Los 
Angeles integrated staging system integrates the clinical variables of TNM 
stage, Fuhrman grade, and Eastern Cooperative Oncology Group perfor- 
mance status into five survival stratification groups.!^? 


Surgical Management of Locally Advanced Renal 
Cell Carcinoma 


Several approaches can be used to provide the necessary exposure for excis- 
ing the mass including anterior, lateral, and posterior approaches as well as 
open, laparoscopic, and robotic approaches. Common surgical incisions 
for locally advanced RCC include midline, subcostal (or bilateral Chevron), 
thoracoabdominal, and flank approaches. A midline incision allows access to 
the kidneys as well as the major vessels and renal hilum. The subcostal and 
Chevron incisions provide adequate exposure for large tumors with bilateral 
renal hilar control. This incision is also optimal for hepatic mobilization for 
higher-level VT when the incision is extended into the midline to the tho- 
rax. The thoracoabdominal exposure is ideal for upper pole tumors and also 
provides accessibility to the renal hilum and retrohepatic IVC. If needed, the 
triangular and coronary ligaments of the liver (Langenbeck maneuver) are 


transected to provide hepatic mobility medially and cephalad for retrohepatic 
IVC exposure. The flank approach with either intercostal or transection of 
rib is used for tumors and VT limited to the renal vein and infrahepatic IVC. 

Surgery for RCC with VT includes isolation and control of hilar vessels 
with early transection of the renal artery. The IVC is mobilized caudal and 
cephalad to the renal hilar vasculature with isolation of the contralateral renal 
vein. The venous structures are sequentially occluded cephalad to the VT, the 
contralateral renal vein, and the caudal IVC. A cavotomy is performed, along 
with excision of the renal vein ostium en-bloc with the specimen, and the 
VT is extracted completely followed by nephrectomy. The cavotomy is then 
closed or reconstructed either primarily or with patch grafts when the lumen 
is smaller than 50% of the original IVC diameter. In severe cases of МТ inva- 
sion into the wall, en-bloc removal of the IVC dictates the use of biological 
or synthetic grafts. 

For higher-level VT, venous bypass maneuvers have been implemented 
to maintain venous return to vital structures. For these maneuvers, a highly 
skilled team of anesthesiologists and urologic, vascular, hepatobiliary, and car- 
diothoracic surgeons is assembled. For cardiopulmonary bypass (CPB), the 
aortic arch or right subclavian artery, superior vena cava, and femoral vein are 
cannulized to provide the bypass circuit. Venovenous bypass is an alternative 
to CPB for lower-level tumors, primarily those that do not involve the right 
atrium. The venous system is cannulated distal and proximal to the VT in 
order to provide the bypass circuit, yielding shorter bypass, operative, and 
anesthesia times as compared with CPB. 


Lymphadenectomy 


Lymphadenectomy (LNTY) at the time of nephrectomy is the most reliable 
method for accurate staging and detection of LN metastasis. However, the 
therapeutic role of LN removal remains a matter of debate. The European 
Organization for Research and Treatment of Cancer, Genitourinary Group 
30881, examined the role of LNTY for NOMO disease randomized to RN 
with complete LNTY to RN alone.'^ А total of 772 patients were selected for 
randomization (383 LNTY -- RN, 389 RN, 40 ineligible) with the majority of 
these patients (approximately 70%) having low clinical stage disease (<Т2). 
Мо differences in overall survival, time to progression, and progression-free 
survival were noted for the LNTY group. In total, only 4% of patients without 
clinically detectable LN demonstrated LN metastasis, and even with clinically 
detectable nodes, only 2076 were positive for LN metastasis. For low clinical 
stage tumors without palpable LN (МО) and in the absence of high-risk fea- 
tures, LNTY may be of limited value. 

Predicting LN involvement in locally advanced disease may dictate the 
therapeutic role of LNTY at the time of nephrectomy through complete 
resection of disease. The following five independent risk factors were identi- 
fied that predict regional LN involvement: Fuhrman grade 3-4, sarcomatoid 
features, tumor size 210cm, tumor stage pT3-4, and presence of coagula- 
tive necrosis.? With zero or one risk factor, 6 of 1031 (0.6%) patients 
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demonstrated LN metastasis, whereas with two risk factors, 62 of 621(10%) 
patients demonstrated spread to regional LN; when all five risk features were 
present, there was a 5076 risk of regional LN involvement. 


Neoadjuvant Therapy for Locally Advanced Renal 
Cell Carcinoma 


Several case reports and case series have shown that the use of targeted 
therapies can convert locally advanced RCC from unresectable to resectable 
tumors (Table 7.3). Among 19 patients deemed to have unresectable disease, 
Thomas et al. demonstrated the feasibility of completing nephrectomy with- 
out surgical morbidity in 4 patients following neoadjuvant sunitinib therapy. 
Amin et al. described nine patients with different RCC histological subtypes 
who achieved a mean decrease of 12.9% in size of the primary tumor, with 
operative outcomes similar to those of historical cohorts. In another series 
with 30 patients (17 with localized disease), Cowey et al. examined the role 
of presurgical sorafenib with similar findings.!? 

Another potential advantage of neoadjuvant therapy for locally advanced 
RCC is reduction in tumor size, which facilitates nephron-sparing surgery 
(NSS). Hellenthal et al. treated 17 ccRCC patients with sunitinib and dem- 
onstrated a significant reduction in tumor size, facilitating NSS.'? Shuch et al. 
described four patients whose primary tumor regressed after neoadjuvant 
targeted therapy to perform NSS.?? 


Adjuvant Therapy for Locally Advanced Renal 
Cell Carcinoma 


To date, radiotherapy, hormonal therapy, immunotherapy, and chemotherapy 
is lacking in level 1 evidence to demonstrate benefit in the adjuvant setting 
(Table 7.3). Two studies (total 172 patients) examined the role of radio- 
therapy to the tumor bed after surgery for localized RCC and showed no 
differences in survival or relapse rates versus observation.?'?? Tegafur-uracil, 
an oral 5-flourouracil prodrug, demonstrated no significant difference in the 
5-year relapse-free rate versus observation.” 

With the benefits of immunotherapy documented in metastatic RCC 
(mRCC), studies investigated the role of cytokines and vaccines to stimu- 
late the host immune response after resection of locally advanced RCC. One 
study examined the role of interferon-alpha versus observation and showed 
similar 5-year overall survival (OS) rates (66.5% versus 66.0%).2* In another 
study, a trend toward increased median OS was observed (5.1 years ver- 
sus 7.4 years; Р = 0.09).> In patients with resected locally advanced disease 
(T3b-4 or N1-3) or resected metastases (M1), one course of high-dose bolus 
interleukin-2 did not demonstrate significant survival benefit versus obser- 
vation, with median disease-free survival of 28 months versus 20.5 months 
(P = 0.7), respectively.” 
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The application of tumor vaccines with the goal of invoking an immune 
response toward RCC cells has also been applied in the adjuvant setting. One 
study, which used bacille Calmette-Guérin, reported a 5-year disease-free 
survival (DFS) rate of 63% versus 72% (P = not significant). Contemporary 
studies included intradermal injections of autologous tumor vaccine and 
demonstrated a 5-year progression-free survival (PFS) that favored vaccine 
therapy.?? Despite a benefit in PFS, this trial was criticized because a large num- 
ber of patients who were assigned to observation were lost to follow-up. A 
subsequent retrospective matched-pair analysis of 495 participants who were 
reported with a median follow-up of 131 months demonstrated 5-year and 
10-year OS rates of 71.3 months and 53.6 months in the study group and 65.4 
months and 36.2 months in the control group (P = 0.022), respectively, for 
patients with pT3 disease." An autologous, tumor-derived heat-shock protein 
(glycoprotein 96)—peptide complex (vitespan) was administered in the adju- 
vant setting to patients with locally advanced RCC at high risk of recurrence. 
The primary endpoint in this open-label trial was recurrence-free survival, after 
a median follow-up of 1.9 years, the recurrence rates were similar (37.776 in 
the vitespan group versus 39.8% in the observation group; P = 0.506).20 

Currently, targeted therapies are being investigated in the adjuvant setting 
for those who have locally advanced disease or are at high risk of relapse 
(Table 7.4). The Adjuvant Sorafenib or Sunitinib for Unfavorable Renal 
Carcinoma (ASSURE; NCT00326898) study randomized 1923 patients 
to receive sunitinib, sorafenib, or placebo for 1year after radical or partial 
nephrectomy. The Everolimus for Renal Cancer Ensuing Surgical Therapy 
(EVEREST; NCT01120249) trial is randomizing patients to receive everoli- 
mus or placebo for Туеаг. In a study to evaluate Pazopanib as an Adjuvant 
Treatment for Localized Renal Cell Carcinoma (PROTECT; NCT01235962), 
patients are randomized to receive pazopanib or placebo for 1year. Another 
phase 3 study, compares Туеаг versus 3year of sorafenib versus placebo with 
resected primary renal cell carcinoma at high or intermediate risk of relapse 
(SORCE trial; NCT00492258). The Sunitinib Treatment of Renal Adjuvant 
Cancer trial (S-TRAC trial; NCT00375674) compares DFS and safety of suni- 
tinib versus placebo in the adjuvant treatment of patients at high risk of recur- 
rent kidney cancer after surgery. The tyrosine kinase inhibitor, axitinib, is also 
being evaluated in the adjuvant setting in a randomized phase 3 trial versus 
placebo (ATLAS trial; NCT01599754). 


Conclusion 


Locally advanced RCC is amenable to aggressive curative resection. To 
successfully treat locally advanced RCC, appropriate staging dictates treat- 
ment and planning with multimodal therapies. Significant surgical and medical 
advances have led to improved patient outcomes. Future studies will refine 
the integration of these interventions. 
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Integration of Targeted 
Therapy with Cytoreductive 
Nephrectomy and 
Metastasectomy in the 
Management of Metastatic 
Renal Cell Carcinoma 


Bishoy A. Gayed, Jose A. Karam, Vitaly Margulis, and 
Christopher G. Wood 


Introduction 


Surgical resection is currently the mainstay treatment for localized renal cell 
carcinoma (RCC). However, for patients with metastatic RCC (mRCC), 
surgery alone has limited benefits and may only be curative if all metastatic 
deposits are excised.!? The combination of surgery and systemic therapy for 
the treatment of advanced RCC is required to halt disease progression and 
improve overall survival. 

In recent years, a shift in the management paradigm of advanced RCC 
has occurred as a result of an improved understanding of RCC tumor 
biology. Development of receptor tyrosine kinase inhibitors (TKls), vas- 
cular endothelial growth factor (VEGF) antibodies, and mammalian target 
of rapamycin (mTORs) inhibitors have translated into significant benefits 
over cytokine therapy and have become mainstays of systemic treatments 
for mRCC.? 

While cytoreductive nephrectomy (CN) has shown benefit in improv- 
ing oncologic outcomes in patients with mRCC, its timing in the era of 
targeted agents remains undefined. Several studies have shown improve- 
ments in oncological outcomes for the presurgical use of targeted agents 
followed by CN and for upfront CN followed by targeted agents.^* 
Herein, we discuss the rationale, patient selection, and outcomes of these 
approaches. Further, we discuss the role of metastasectomy in the era of 
targeted agents. 
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Cytoreductive Nephrectomy 


Evidence for the role of CIN stems from two randomized phase 3 clinical trials 
conducted in patients with mRCC in the cytokine era. Southwest Oncology 
Group (SWOG) 8949 randomized 241 patients to either CN followed by 
interferon alpha-2b (INFa-2b) or INFa alone.’ Results showed a significant 
improvement in overall survival (OS) in patients undergoing CIN versus INFa 
alone (11.1 months versus 8.1 months). Additionally, long-term results of 
the study continued to show that patients randomized to nephrectomy had 
improved OS.? 

The European Organization for Research and Treatment of Cancer 
(EORTC-30947) randomized 85 patients with mRCC to receive СМ + INFa 
versus INFa alone.? Again, a significant benefit was seen in OS in the CN + 
INFa group versus the INFa group (17 months versus 7 months).? In a pooled 
analysis of both trials, the CN + INFa group continued to show improvement 
in OS (13.6 months versus 7.8 months).'? 

There are several theories that explain the benefit of СМ in patients with 
mRCC. These theories focus mainly on the immune dysfunctions associated 
with RCC.!! Primary tumors are theorized to act as an “immunologic sink,” 
depleting antibodies and lymphocytes.!!^? 

Additionally, the primary tumor is thought to secrete proangiogenic factors 
such as VEGF and basic fibroblast growth factor (bFGF), which contribute to 
progression and metastatic deposits.? Thus, removal of the primary tumor, 
in theory, may remove these factors and limit the spread of metastasis. While 
several theories explain the biological benefit of CN, this benefit most likely is 
a result of a decrease in tumor burden coupled with restoration of angiogenic 
balance.'* 

With an immunological and a clinical benefit of CIN being apparent in 
patients receiving cytokine therapy, one can extrapolate that the same ben- 
efits would apply to the use of СМ and targeted agents. Additionally, sup- 
port for the use of targeted agents stems from trials that exposed patients to 
upfront CN followed by systemic therapy, thus possibly establishing CN as a 
prognostic factor. 116 

However, results from a recent SEER study revealed that the use of CN 
has actually declined since the introduction of targeted agents into clinical 
practice.'” This could be due to several factors such as the uncertainty of CN 
in this era and concerns of delaying effective systemic therapy. 


Patient Selection 


Despite improvements in morbidity and mortality, CIN can be techni- 
cally difficult and is associated with nearly a 31% complication rate.'? 
Additionally, a subset of patients will rapidly progress following nephrec- 
tomy and become ineligible for systemic therapy." Stratification tools to 
determine which patients will benefit from СМ versus those that will not 
benefit are lacking. 


Multiple investigators have reported on several prognostic factors that have 
been identified to determine who will benefit from CN. Culp et al. retrospec- 
tively reviewed the records of 566 patients with mRCC.'? On multivariate 
analysis, independent predictors of inferior OS included elevated serum lactate 
dehydrogenase level, decreased serum albumin level, symptomatic presenta- 
tions by metastatic site, liver metastasis, retroperitoneal and supradiaphrag- 
matic adenopathy, and clinical tumor classification >T3."? Surgical patients who 
had more than four risk factors did not appear to benefit from CN (Box 8.1). 

Recently, Margulis et al. developed a predictive model to help guide selec- 
tion of patients who would benefit from СМ Using a cohort of 601 patients, 
several predictive factors were incorporated into a model to determine sig- 
nificance. Using variables such as serum albumin and serum lactate dehydro- 
genase levels and stage and node status, both preoperative and postoperative 
models were accurate predictors of cancer-specific survival (CSS) after CN.?° 
However, these models still lack validation in independent series and thus 
their use is not widespread. 

While we lack the tools to determine which patients will likely benefit from 
CN, several risk stratification models exist to predict survival in patients with 
mRCC." Currently, the Memorial Sloan-Kettering Cancer Center (MSKCC) 
prognostic model is the most widely used risk model and was developed based 
on data from the cytokine era.?! The MSKCC model incorporates factors that 
are independent predictors of poor outcome: low Karnofsky performance sta- 
tus, low hemoglobin, high lactate dehydrogenase, high corrected serum calcium, 
and lack of prior nephrectomy.'* Based on the number of risk factors present, 
patients are stratified into three risk groups: good, intermediate, and poor, with 
median survival of 20 months, 10 months, and 4 months, respectively.2!2 

Heng et al. validated the MSKCC model to predict OS in patients with 
mRCC treated with anti-VEGF agents and identified neutrophilia and throm- 
bocytosis as additional risk factors.” 


Box 8.1 Adverse Prognostic Factors for Inferior 
Overall Survival 


• Low hemoglobin level 

• Elevated lactate dehydrogenase 

• Low albumin level 

e Elevated corrected serum calcium level 

• Symptoms due to metastases 

e Liver, lung, retroperitoneal nodal metastases 
• Clinical stage >T3 

• Low Karnofsky performance status 

e Absence of prior nephrectomy 

e Time elapsed from diagnosis until treatment 


Adapted from Abel and Wood 2009; Culp et al. 2010; Margulis et al. 2012; and Motzer et al. 
2008. 
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Timing of Surgery 


While the benefit of СМ and targeted therapy has been shown in numerous 
studies, the optimal timing of CIN has yet to be determined in the targeted 
therapy era. 


Presurgical Targeted Therapy Followed by 
Cytoreductive Nephrectomy 


In the era of targeted therapy, several studies have shown that patients may 
derive benefit from presurgical therapy with targeted agents followed by 
CN. In a recent retrospective study, Stroup et al. compared two groups of 
patients who underwent upfront CN followed by sunitinib (group 1) versus 
presurgical sunitinib followed by СМ (group 2) and demonstrated significant 
improvement of disease-specific survival (DSS) and OS in favor of patients 
who underwent presurgical sunitinib therapy followed by CN. Further, 11/18 
(61%) patients in group 2 had a partial response or stable disease in response 
to sunitinib.?* 

Wood and Margulis compared patients who received presurgical tar- 
geted therapy followed by СМ versus patients who underwent upfront 
СМ. Both cohorts were matched in terms of clinical characteristics, tumor 
burden, and number of adverse prognostic factors. Мо significant differ- 
ence between the two groups was found (27.7 months versus 31 months; 
P = 0.697).> 

To better address the role of СМ and its timing, EORTC 30073, the 
SURTIME trial, is currently enrolling patients with mRCC and primary tumor 
in situ to compare upfront CN followed by sunitinib versus sunitinib followed 
by СМ. 

The rationale for the use of presurgical treatment stems from several 
potential benefits. One theoretical benefit is the ability to downsize tumors 
to facilitate surgery. Several groups have reported on the effect of targeted 
agents on the reduction of tumor size and the ability to convert tumors from 
unresectable to resectable disease (Table 8.1).627-33 

Another potential benefit of presurgical therapy is expeditious initiation 
of systemic therapy. Further, presurgical therapy can serve as a “litmus test" 
for selecting patients who respond to therapy and are most likely to benefit 
from СМ 

However, presurgical therapy does have limitations. Presurgical therapy 
requires an accurate tissue diagnosis to determine histology. In a recent series 
of 405 preoperative biopsies in patients with mRCC, biopsy and nephrec- 
tomy specimens were correlated in only 72.7% of patients with non—clear-cell 
RCC and 96% with clear-cell RCC. Further, only 7/76 (9.2%) of the biopsies 
accurately identified sarcomatoid dedifferentiation.?? 

Further, presurgical therapy is associated with a delay in CN and may lead to 
disease progression. In addition, presurgical therapy has been associated with 
impaired tissue healing and preoperative bleeding and/or thromboembolic 


Table 8.1 Studies Evaluating the Role of Presurgical Targeted 
Therapy and Effect on Tumor Size 


Author Study Type Number of Therapy Median Rate 

Patients of Tumor 
Reduction, % 

Thomas Retrospective 1 Sunitinib 24 

et al.” 

van der Veldt Retrospective 22 Sunitinib 3! 

et al.?? 

Abel et al.?° Retrospective 168 Multiple tyrosine 74 

kinase inhibitors 

Jonasch Prospective 50 Bevacizumab 12 

et al.?? 

Powles etal Retrospective 52 Sunitinib 12 

Silberstein Retrospective 12 Sunitinib mal 

et al?! 

Rini et al.?? Prospective 30 Sunitinib 22 

Hellenthal Prospective 20 Sunitinib 11.8 

et al.?8 

Cowey et al. Prospective 30 Sorafenib 9.6 


phenomena.?9?7 However, several studies have shown that presurgical ther- 
apy is safe and does not increase surgical morbidity or perioperative compli- 
cations when compared with upfront СМ.2839 


Cytoreductive Nephrectomy Followed by 
Targeted Therapy 


The current standard of CN followed by systemic therapy reflects the experi- 
ence derived from the cytokine era. While targeted agents have become the 
mainstay of systemic therapy, the role of upfront CN has yet to be established. 

Choueiri et al. evaluated 314 patients to determine the impact of CN 
on survival of patients with mRCC;> 201 patients underwent upfront СМ 
and targeted therapy versus 113 patients who received targeted therapy 
alone. Median OS for those who underwent СМ + targeted therapy was 
19.8 months compared with 9.4 months for those who did not (P « 0.01). 
However, patients who had poor-risk disease received a marginal benefit 
from CN. 

In a retrospective study, You et al. evaluated 78 patients with mRCC to 
compare the effectiveness of CN and targeted agents; 45 patients under- 
went CN and received sunitinib or sorafenib and 33 patients received suni- 
tinib ог sorafenib without СМ. The median progression-free survival for 
the CN group was 11.7 months compared with 9.0 months for patients 
who received systemic therapy alone, with median OS of 21.6 months and 
13.9 months, respectively. However, these differences did not reach statisti- 
cal significance.*° 
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Currently, the CARMENA trial (NCT00930033), a randomized phase 3 
noninferiority trial, is comparing OS in patients treated with sunitinib alone 
versus CN followed by sunitinib.?2^! 


Metastasectomy 


Historical evidence for the benefits of metastasectomy is derived from 
several retrospective series. Van der Poel et al. evaluated 152 resections 
of RCC metastases in 101 patients.? Median survival after metastasec- 
tomy was 28 months, and patients with a tumor-free interval of more 
than 2 years between initial nephrectomy and metastasis had a longer 
DSS.? Pogrebniak et al. evaluated the role of metastasectomy in survival 
of patients with isolated pulmonary metastases. Patients who underwent 
complete resection of their lesions had a longer survival compared with 
patients with incomplete resection of their lesions (49 months versus 
16 months; P = 0.02). Their data support surgical resection of isolated 
metastatic disease from АСС. 

Recently, Eggener et al. retrospectively reviewed 129 patients with 
mRCC and showed that patients with oligometastatic disease who under- 
went metastasectomy appear to have a greater survival benefit.** Others 
have also described the impact of complete metastasectomy on improved 
CSS (4.8 years versus 1.3 years), even with multiple metastatic deposits. ^ 
However, at present, metastasectomy is reserved for patients with solitary or 
limited metastases when complete resection is feasible and for patients with 
metastases who demonstrate a response to systemic therapy.^é 

However, the role and timing of metastasectomy in patients receiving tar- 
geted therapies remains undefined. Yuasa et al. evaluated 139 metastatic sites 
and 16 primary lesions treated with sunitinib or sorafenib." While the overall 
median tumor reduction rate was 23.8%, there was a significant reduction 
in the size of metastatic lesions compared with the primary tumor (43.276 
versus 16.1%; P < 0.001). 

Recently, Karam et al. reported results of a retrospective study in patients 
undergoing metastasectomy after targeted therapy. Among 22 patients, 4 
achieved a partial response, 11 had stable disease, and 4 progressed. At the 
time of analysis, 50% had recurred, while only one patient had died.*? While 
this study showed that targeted therapy prior to metastasectomy is feasible 
and associated with low surgical morbidity, several questions about the role 
of targeted agents remain, including selection of the targeted agent and its 
treatment duration and whether or not to resume therapy postoperatively 
with the same agent or a new one.*? 
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Immunotherapeutic 
Approaches for Metastatic 
Conventional-type Renal Cell 
Carcinoma 


Anasuya Gunturi and David F. McDermott 


Introduction 


Immunotherapy was once the standard of care for patients with metastatic 
renal cell cancer (mRCC). However, the advent of other effective and less 
toxic therapies, such as vascular endothelial group factor (VEGF) and mam- 
malian target of rapamycin (mTOR) pathway inhibitors, has led to a sub- 
stantial reduction in the use of immunotherapy. Recent discoveries in tumor 
immunology, however, have prompted the development and study of agents 
that can potentially achieve durable tumor response in the absence of signifi- 
cant systemic toxicity. In addition, increasing awareness of the limitations of 
the antiangiogenic and molecularly targeted drugs alone has prompted inves- 
tigations into combination therapies. 


Cytokine Therapy 


More than two decades ago, it was noted that removal of the primary tumor 
in RCC can evoke an immune response that results in spontaneous and dra- 
matic remissions of metastases.! This observation soon led to investigations 
involving various immunotherapeutic strategies. Two cytokines, interleukin-2 
(IL-2) and interferon-alpha (IFN-a), have shown antitumor activity in RCC. 
A Cochrane metaanalysis of randomized clinical trials showed that treatment 
with IFN-a was superior to controls and portended a 3.8-month survival ben- 
efit with manageable toxic effects.” Thus, in the absence of other effective and 
readily applicable treatments, the use of IFN-a became widespread and was 
often used as the control arm in phase 3 trials studying other therapies. With 
the subsequent development of various targeted agents, however, the use of 
IFN-a in this setting eventually decreased. 
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Meanwhile, the administration of high-dose (HD) IL-2 was shown to con- 
sistently produce an overall response rate of approximately 1576 and durable 
off-treatment complete and partial responses in a minority of patients with 
advanced RCC.?5 HD IL-2 is unfortunately associated with severe toxic- 
ity including hypotension, cardiac arrhythmias, fever and chills, peripheral 
edema, renal failure, neurotoxicity, and rash. Various alternative protocols 
of IL-2 have been tested to increase efficacy and minimize toxicity, including 
lower doses and subcutaneous or continuous delivery; however, bolus HD 
IL-2 was proven to be superior.** Thus, HD IL-2 therapy currently is applied 
only in highly selected patients who are motivated to receive this therapy and 
are otherwise healthy. 

Recently, efforts to identify a subset of patients most likely to benefit 
from HD IL-2 have been undertaken. Through retrospective analysis, clini- 
cal factors such as presence of multiple metastases and presence of liver or 
mediastinal lymph node involvement have been shown to portend a poor 
response.’ In contrast, clear-cell histology, prior nephrectomy, high perfor- 
mance status, and absence of bone metastases all predict a good response to 
HD IL-2.8 Finally, high levels of carbonic anhydrase IX (CAIX), a transmem- 
brane protein expressed in clear-cell RCC and thought to be a biomarker of 
hypoxia, were correlated with better response to IL-2 and a better prognosis 
overall.?!? These various proposed predictive models, primarily involving 
CAIX expression and histologic features, were tested prospectively by the 
Cytokine Working Group (CWG) in the SELECT trial. The clinical results 
of this trial revealed a 2576 response rate that was significantly higher than 
the historical experience with HD IL-2; however, the trial failed to confirm 
the predictive capability for CAIX staining or further improve the selec- 
tion criteria for HD IL-2, thus calling into question the value of previous 
retrospective studies. Investigations to confirm other proposed biomarkers 
are needed to further understand tumor and host factors that predict for 
response to IL-2. 


Combination of Cytokines and Antiangiogenic 
Therapy 


In addition to single-agent cytokines, combination therapy with 
VEGF-targeted agents has been studied as well. Two large phase 3 trials, 
AVOREN and CALGB 90206, have demonstrated that in patients with 
mRCC, IFN plus bevacizumab has superior efficacy to IFN monotherapy, 
suggesting an additive effect.!?'? The improvement, however, was only in 
progression-free survival (PFS), not overall survival (OS). Though these data 
eventually led to the US Food and Drug Administration approval of the IFN— 
bevacizumab combination for treatment of patients with mRCC, clarification 
of the relative contribution of IFN to this regimen requires a randomized 
trial to compare the combination with bevacizumab alone. Bevacizumab 
has also been combined with HD IL-2 in a CWG phase 2 trial. Investigators 
reported a response rate of 28% and a median PFS of 9 months; however, 
there were few complete responses.'* These results suggest that these two 


agents may be given safely in combination and produce efficacy improve- 
ments that are additive but not synergistic. 


Targeted Immunotherapy 


In hopes of finding agents that would produce complete and durable responses 
without significant toxicities, several targeted immunotherapy approaches 
have been studied. Cytotoxic T-lymphocyte—associated antigen-4 (CTLA-4) 
is an immunoregulatory receptor expressed by T cells that interacts with the 
B7 molecule on antigen-presenting cells. Blocking this interaction leads to the 
inhibition of normally activated T cells. Two fully human anti-CTLA-4 mono- 
clonal antibodies have been developed to date. While tremelimumab showed 
positive responses in metastatic melanoma in early clinical trials, it ultimately 
did not demonstrate superiority to standard chemotherapy in a phase 3 
trial.^ Similar investigations with tremelimumab have been limited in mRCC 
patients; however, another anti-CTLA-4 antibody, ipilimumab, has shown 
promising results. In fact, a single-institution phase 2 trial studied patients 
with mRCC receiving ipilimumab with a primary endpoint of response by 
Response Evaluation Criteria in Solid Tumors (КЕСІЅТ).'° A partial response 
(PR) rate of approximately 1076 was noted, even in patients who had pre- 
viously not responded to IL-2. Side effects included enteritis and endocrine 
deficiencies such as hypophysitis. Interestingly, there was a significant associa- 
tion between autoimmune events and tumor regression. The combination of 
cytokines and agents that block immune downregulation has been studied in 
metastatic melanoma and may offer advantage in the RCC field. For example, 
the combination of ipilimumab and IL-2 was studied in patients with meta- 
static melanoma and showed promising results.!/ Thus, it would be interesting 
to explore this combination in mRCC. 

A critical pathway responsible for tumor-induced immune suppression in 
RCC is the interaction between programmed cell death 1 (PD-1) and its ligand 
programmed cell death ligand 1 (PD-L1), which serves to restrict the cytolytic 
function of tumor-infiltrating T lymphocytes.'®"? Patients with PD-1—positive 
immune cells are more likely to have larger, more aggressive tumors and are 
at a higher risk for cancer-specific death.?? Similarly, renal tumors that express 
PD-L1 behave more aggressively, leading to a shorter survival.” Blocking 
the receptor (PD-1)-ligand (PD-L1) interaction with monoclonal antibodies 
appears to restore the efficacy of tumor-specific T cells within the tumor 
microenvironment, leading to significant and sustained antitumor responses 
in early clinical trials.?2?^ 

The first such agent was reported by Brahmer and colleagues in a phase 
1 trial with nivolumab, a fully human immunoglobulin-G4 anti-PD-1 block- 
ing antibody, in patients with selected refractory or relapsed malignancies.? 
In this trial, one complete response and two partial responses, including a 
patient with RCC, were observed. These results prompted investigators to 
include a larger cohort of RCC patients in a subsequent phase 1 trial to inves- 
tigate biweekly nivolumab administration. It showed that 10 of 34 patients 
experienced major tumor responses and 9 other patients had stable disease 
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that lasted at least 24 weeks.” Grade III or IV drug-related adverse events 
occurred in only 14% of the 304-patient cohort. These objective responses 
were also noted in patients with other malignancies such as melanoma and 
even non-small-cell lung cancer. Furthermore, intratumoral PD-L-1 expres- 
sion seemed to correlate with tumor response to this agent. Specifically, none 
of the 17 patients with PD-L1—negative tumors had an objective response, 
while 9 of the 25 patients (36%) with PD-L1—positive tumors did. The rel- 
evance of this finding requires further exploration. 

A phase 1 trial to study the efficacy of an anti-PD-L1 antibody in patients 
with advanced cancers including RCC was conducted as well.** Drug-related 
adverse events were generally low grade and included fatigue, infusion reac- 
tions, diarrhea, arthralgia, rash, nausea, pruritus, and headache. Several 
objective responses were observed, including 2 of 17 (1276) patients with 
RCC. Seven additional patients (41%) had stable disease that lasted at least 24 
weeks. Again, similarly positive responses were noted in unexpected patient 
populations such as those with advanced non-small-cell lung cancer, thus 
making PD-L1 an exciting target for the field of oncology in general. 


Combination of Targeted Immunotherapy and 
Antiangiogenic Therapy 


While VEGF pathway-targeted therapies have significantly improved the 
clinical outcome for patients with advanced RCC, the development of treat- 
ment resistance leading to disease progression appears inevitable, even with 
continued therapy. It has been noted that elevated levels of VEGF are associ- 
ated with poor prognosis in various cancers.” This is thought to be due to 
not only the angiogenic activity of VEGF but also its role in immunosuppres- 
sion by inhibiting dendritic cell maturation.?6 Therefore, several investigators 
are testing combinations of targeted immunotherapy with agents such as 
sunitinib, pazopanib, or bevacizumab in hopes of enhancing their overall 
therapeutic effect. 

In a phase 1 study, the anti-CTLA-4 antibody tremelimumab administered 
with sunitinib produced PRs in 9 of 21 (43%) patients with mRCC; however, 
a large proportion of patients unexpectedly experienced rapid-onset renal 
failure." |t may be that combinations involving VEGF pathway inhibitors and 
PD-1-PD-L1 pathway blockade will be better tolerated. Several such combi- 
nation trials are currently underway. For example, a phase 1 trial is assessing 
the safety, effectiveness, and optimal dose for use of nivolumab in combi- 
nation with sunitinib, pazopanib, or ipilimumab for the treatment of mRCC 
(МСТ01472081). 


Vaccines and Other Strategies 


RCC continues to be an optimal disease process where novel immuno- 
therapeutic strategies are investigated. Several years ago, it was shown 
that complete and partial responses could be induced in patients with 


refractory mRCC who underwent nonmyeloablative allogeneic stem cell 
transplantation.?? Subsequent reports, however, showed less enthusiastic 
results. In contrast to the 5376 overall response rate first reported, the 
response rates among the several case series that followed were highly 
variable, with a median response rate of only 1476. Furthermore, com- 
plete responses were rare, with most responding patients achieving only 
transient partial remissions and suffering subsequent disease progres- 
sion.” Thus, the role of allogeneic stem cell transplant in RCC eventually 
lost favor. 

Recently, there has been much interest in the development of vaccines 
as therapeutic agents in cancer biology. IMA901 is a therapeutic cancer vac- 
cine developed based on multiple tumor-associated peptides (TUMAPs) 
known to be presented by human cancer cells. In a randomized phase 2 trial, 
a single dose of cyclophosphamide reduced the number of regulatory T cells 
and confirmed that immune responses to multiple TUMAPs were associated 
with longer OS.?? This prompted a phase 3 study where the combination 
of IMA901 and sunitinib was investigated. Similarly, AGS-003 is a dendritic 
cell-based vaccine that was created by fusing patient-derived dendritic cells 
with autologous tumor. In a phase 2 trial, 21 patients with mRCC received 
AGS-003 plus sunitinib. Interim results demonstrated that median PFS was 
11.2 months and median OS was 30.2 months.?! These data led to an ongoing 
phase 3 study in a similar patient population. 

Finally, a phase 1 trial in which patients with metastatic breast or renal can- 
cer were treated with a vaccine prepared by fusing autologous tumor and 
dendritic cells showed that 5 of 13 patients with mRCC had disease stabiliza- 
tion, with no significant treatment-related toxicity.? These findings led the 
investigators to conduct a phase 1/2 study where 24 patients with mRCC 
received these vaccinations. Two of 21 evaluable patients demonstrated a 
partial clinical response, and 8 had stabilization of their disease.?? Studies such 
as these set the foundation for future investigations of vaccine-based treat- 
ment approaches in patients with RCC. 


Conclusion 


An improved understanding of RCC tumor biology has led to major 
advances in the treatment of patients with mRCC over the past decade. 
Standard immunotherapy such as HD IL-2 has been shown to produce dura- 
ble responses but is associated with significant toxicity. While agents that 
target the VEGF and mTOR pathways prolong survival, resistance eventu- 
ally develops for most patients. Thus, therapies that can produce complete 
and durable tumor responses with an acceptable toxicity profile are much 
needed. Data from ongoing clinical trials suggest that targeted immunother- 
apy may achieve this critical unmet need. Furthermore, better patient selec- 
tion and novel combination regimens may improve the efficacy of standard 
immunotherapy. Therefore, by drawing from our past and present cumu- 
lative experience, new successes in the application of immunotherapy in 
patients with RCC can be achieved. 
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Chapter 10 


Targeted Therapies for 
Metastatic Conventional-type 
Renal Cell Carcinoma 


Tim Eisen and Ferdinandos Skoulidis 


Introduction 


Conventional-type renal cell carcinoma (RCC) is resistant to chemotherapy. 
Immunotherapy with either interferon-alpha (IFN-a) or interleukin-2 (IL-2) 
constituted the mainstay of systemic therapy for this malignant disease until 
less than a decade ago. 

Since that time, molecularly targeted therapies have revolutionized the 
management and altered the natural history of metastatic RCC (mRCC). 
Since the original report of the pivotal TARGET trial (treatment approaches 
in renal cancer global evaluation trial) in 2005, four small-molecule recep- 
tor tyrosine kinase (RTK) inhibitors—sorafenib, sunitinib, pazopanib, and 
axitinib—and the anti-vascular endothelial growth factor (VEGF) monoclonal 
antibody bevacizumab (in combination with IFIN-o)) have received regulatory 
approval for this disease. More recently temsirolimus and everolimus, two 
inhibitors of mammalian target of rapamycin (mTOR), have further expanded 
our therapeutic armamentarium for this disease. 

With the exception of temsirolimus, the only agent with a demonstrated 
overall survival (OS) advantage in a pivotal phase 3 trial, all agents have 
attained regulatory approval on the basis of prolongation of progression-free 
survival (PFS) compared with either cytokine-based therapy (IFN-a) or pla- 
cebo. The expanded availability of accessible effective therapies since the 
original approval of sorafenib in 2005, coupled with high rates of crossover 
in recent clinical trials of novel VEGF and mTOR inhibitors, and administra- 
tion of multiple subsequent lines of treatment "off trial" have confounded 
the potential impact of individual agents on OS. Nonetheless, it is clear that 
patients with mRCC who receive modern-era sequential targeted therapy 
live longer, with median OS >29 months in recently reported clinical trials 
compared with the historical control of 13 months in the immunotherapy 
era. A treatment algorithm that is supported by current best evidence is pre- 
sented in Table 10.1. 
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Table 10.1 Algorithm for Systemic Therapy of Metastatic 


Clear-Cell Renal Cell Carcinoma Based on Current Best Evidence 


Setting Standard Option 
First line Favorable prognostic ^ Pazopanib High-dose 
group Sunitinib interleukin-2 
Bevacizumab + Sorafenib 
IFN-a 
Intermediate Pazopanib Sorafenib 
prognostic group Sunitinib 
Bevacizumab + 
IFN-a 
Poor prognostic group  Temsirolimus Sunitinib 
Second line Prior cytokine-based ^ Axitinib Sunitinib 
therapy Sorafenib 
Pazopanib 
One prior Everolimus Sorafenib 
VEGF-pathway— Axitinib 


directed therapy 


Third line Two prior Everolimus Clinical trial 
VEGF-pathway— 
directed agents 


Prior VEGF-pathway Tyrosine kinase 
and mTOR inhibitor inhibitor 
Clinical trial 


Data are current as of March 2014 
IFN-a, interferon-alpha; VEGF, vascular endothelial growth factor. 


First-line Therapy of Treatment-Naive Patients 


An important challenge in the initial management of mRCC is to define the 
optimal time for initiation of systemic therapy. A small subset (5%—10%) of 
RCCs run an indolent clinical course that is characterized by slowly pro- 
gressive metastatic disease over a number of years.’ Therefore, assess- 
ment of tumor growth kinetics with serial imaging (eg, every 2-3 months) 
during a planned period of observation constitutes a valid therapeutic 
approach for patients with favorable- and intermediate-risk disease, low 
tumor burden, and no critical lesions and may help identify a subgroup of 
patients in whom systemic therapy can be safely deferred.? Following ini- 
tial surveillance, systemic therapy should be recommended in the event of 
disease-related symptoms or significant radiological progression or when 
patients find it difficult to cope with the psychological burden of ongoing 
observation. 

As of April 2014, five targeted agents had received regulatory approval in 
the United States and Europe for the first-line treatment of patients with met- 
astatic clear-cell renal cell carcinoma (ccRCC). Pivotal phase 3 and selected 
phase 2 trials of these agents in the first-line treatment of ccRCC are listed 
in Table 10.2. 
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Sunitinib is an orally bioavailable small-molecule tyrosine kinase inhibitor 
(TKI) with low nanomolar potency against a number of angiogenic recep- 
tor tyrosine kinases, including VEGFR-1, -2, and -3 (vascular endothelial 
growth factor receptor) and PDGFR-a and -ß (platelet-derived growth fac- 
tor receptor). Inhibitory activity has also been demonstrated against the 
FLT3 kinase (feline McDonough sarcoma-related tyrosine kinase), as well 
as c-KIT (v-Kit Hardy—Zuckerman 4 feline sarcoma viral oncogene homo- 
log), colony-stimulating factor-1R, and the RET (rearranged during trans- 
fection proto-oncogene) kinase. The US Food and Drug Administration 
(FDA) approved sunitinib in January 2006 for the treatment of patients with 
advanced RCC and it represents the most widely prescribed first-line targeted 
therapy for treatment-naive patients in the Western world and a standard of 
care for this disease. It is administered orally at a dose of 50 mg once daily 
for 4 weeks followed by a 2-week break (“4/2 schedule”). Sunitinib is metab- 
olized predominantly by the cytochrome P450-3A4 pathway (CYP3A4) 
in hepatic microsomes. Therefore, concomitant administration of potent 
CYP3AA inducers (eg, rifampicin) or inhibitors (eg, clarithromycin) may sig- 
nificantly affect sunitinib plasma exposure and should be avoided. Commonly 
prescribed drugs that can induce or inhibit the P450-3A4 pathway are listed 
in Table 10.3. 

The pivotal NCT00083889 phase 3 trial randomized 750 previously 
untreated patients with metastatic ccRCC to receive either sunitinib 50 mg 
daily orally on a 4/2 schedule or IFN-a at a dose of 9 MU subcutaneously 
three times a week.? At the second preplanned interim analysis, the trial met 
its primary endpoint by demonstrating a statistically significant and clinically 
meaningful prolongation of median PFS from 5 months for the IFN arm to 
11 months for the sunitinib arm, corresponding to a 58% reduction in the risk 
of progression or death (hazard ratio [HR], 0.42; 95% confidence interval 
[CI], 0.32-0.54; P«0.001). Evidence for antitumor efficacy was further sub- 
stantiated by a 31% objective response rate compared with 6% for IFN. At 
the time of the final OS analysis, there was a strong trend toward improved 
OS with sunitinib (median OS, 26.4 months) compared with IFN (median OS, 
21.8 months; HR for death,0.821; 95% Cl, 0.673—1.001; P=0.051).* 

Pazopanib is an orally active small-molecule TKI. Its activity in patients with 
mRCC was established in the VEG105192 phase 3 clinical trial.°° In this trial, 
435 patients with ccRCC (90%) or predominantly ccRCC (10%) were ran- 
domized on a 2:1 ratio to receive either pazopanib 800 mg orally once daily 
continuously or placebo. The trial enrolled both treatment-naive (53%) and 
cytokine-pretreated patients (47%). Pazopanib resulted in a significant PFS 
benefit compared with placebo (9.2 months versus 4.2 months; HR, 0.46; 
95% CI, 0.34—0.62; P«0.0001). The benefit was even more pronounced in the 
subpopulation of treatment-naive patients (11.1 months versus 2.8 months; 
HR,0.40; 95% CI, 0.27—0.60; Р<0.0001) and numerically approximate to the 
median PFS previously reported with sunitinib. The objective response rate 
reported in the pazopanib arm was 30%. 

The FDA approved pazopanib for the treatment of patients with advanced 
RCC in October 2009. The results of a head-to-head comparison between 
sunitinib and pazopanib were eagerly anticipated. The COMPARZ trial 


Table 10.3 Drugs That Affect Hepatic CYP3A4 


CYP3AA Inhibitors" 


Strong inhibitors: Moderate inhibitors: 

Clarithromycin Aprepitant 

Telithromycin Ciprofloxacin 

ndinavir Erythromycin 

Ritonavir Fluconazole 

Lopinavir/ ritonavir Diltiazem 

Saquinavir Verapamil 

Nelfinavir Amprenavir 

Telaprevir Atazanavir 

Boceprevir Fosamprenavir 

traconazole Darunavir/ritonavir 
etoconazole Grapefruit juice 

Voriconazole 

Posaconazole 

Nefazodone 

Mibefradil 

Conivaptan 


Grapefruit juice 
CYP3AA Inducers‘ 


Carbamazapine 


Phenytoin 
Rifampin/Rifampicin 
Avasimibe 
Efavirenz 
Etravirine 
Bosentan 
Modafinil 
Nafcillin 
Dexamethasone 
Prednisolone 

St. John’s wort 


*May increase levels of tyrosine kinase inhibitor or mammalian target of rapamycin inhibitor. 
+May decrease levels of tyrosine kinase inhibitor or mammalian target of rapamycin inhibitor. 


(comparing the efficacy, safety, and tolerability of pazopanib versus sunitinib) 
was designed as a noninferiority trial in which 1110 treatment-naive patients 
with advanced/metastatic ccRCC were randomized on a 1:1 ratio to receive 
either sunitinib or pazopanib." The COMPARZ trial demonstrated a median 
PFS of 8.4 months for pazopanib and 9.5 months for sunitinib (HR, 1.047; 95% 
CI, 0.898—1.220). With the noninferiority margin set at 1.25, the trial met its 
primary endpoint in the main intention-to-treat analysis, thus demonstrating 
noninferiority of pazopanib compared with sunitinib for PFS. OS was also simi- 
lar (HR for death with pazopanib, 0.91; 95% Cl, 0.76—1.08). The quality-of-life 
(QoL) assessment favored pazopanib, although concerns have been raised that 
the timing of QoL assessments may have disadvantaged sunitinib in this trial. 
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Patient preference for pazopanib or sunitinib was the primary endpoint 
of the randomized phase 2 PISCES trial (pazopanib versus sunitinib patient 
preference study in treatment-naive metastatic renal cell carcinoma).? One 
hundred and sixty-eight patients with mRCC (9076 clear-cell) were random- 
ized to either initial pazopanib (10 weeks, continuous dosing) followed by 
subsequent sunitinib (10 weeks, 4/2 schedule) or the opposite schedule of 
sunitinib followed by pazopanib. At the end of the 22-week treatment period, 
70% of patients indicated that they preferred pazopanib over sunitinib. Less 
fatigue and improved QoL were the main reasons cited for patient preference 
for pazopanib. 

Based on the results of the COMPARZ and PISCES clinical trials, pazopanib 
is increasingly considered the preferred first-line angiogenesis inhibitor. 

Targeting soluble VEGF with monoclonal antibodies is an alternative 
anti-angiogenic strategy. Bevacizumab is a recombinant humanized anti- 
VEGF-A monoclonal antibody that was FDA approved in July 2009 for 
the treatment of advanced RCC in combination with IFN-a. Regulatory 
approval was based on the results of two large phase 3 clinical trials: the 
European AVOREN (avastin and roferon in renal cell carcinoma) апа the 
US-led CALGB (Cancer and Leukemia Group B) 90206.* Both trials 
reported significantly prolonged median PFS in the bevacizumab—IFN-a arm 
(AVOREN: 10.2 months versus 5.4 months in the placebo-IFN-a arm; HR, 
0.63; 95% CI, 0.52–0.75; Р=0.0001; and CALGB 90206: 8.5 months ver- 
sus 5.2 months in the INF-a arm; adjusted HR, 0.71; 95% Cl, 0.61—0.83; 
P«0.0001). 

Sorafenib, а multitargeted TKI, was the first targeted agent to receive regu- 
latory approval for the treatment of advanced RCC in December 2005. The 
registration phase 3 trial of sorafenib was conducted in a patient population 
previously treated with cytokines (IFN-a, IL-2, or both), a standard first-line 
treatment option at the time.1?!^ Until 2012, no large phase 3 clinical trial of 
sorafenib in previously untreated patients had reported results; however, ran- 
domized phase 2 trials yielded PFS ranging from 5.7 months to 9.0 months in 
the first-line setting.'* More recently, the TIVO-1 (tivozanib versus sorafenib in 
first-line advanced RCC) and AGILE 1051 (axitinib [AG-013736] for the treat- 
ment of metastatic RCC) phase 3 clinical trials reported PFS of 9.1 months 
and 6.5 months, respectively, in the sorafenib (active control) arm.1617 Based 
on current best evidence, sorafenib is not considered a standard first-line 
therapy for advanced RCC, although some clinicians use it in patients with 
significant cardiovascular or other comorbidities. 

The clinical efficacy of axitinib, a highly potent and selective TKI, was 
compared with that of sorafenib in the AGILE 1051 multicenter random- 
ized phase 3 clinical trial.” Two hundred and eighty-eight treatment-naive 
patients with metastatic ccRCC, predominantly from Eastern Europe and 
Asia, were randomized on a 2:1 allocation ratio to axitinib at a dose of 5 mg 
twice daily orally or sorafenib 400 mg twice daily orally. Although median 
PFS was prolonged by 3.6 months in patients receiving axitinib (10.1 months 
versus 6.5 months), the trial failed to achieve its primary endpoint statistically. 
Consequently, use of axitinib in the first-line setting cannot be recommended 
based on currently available evidence. 


On the basis of data from the Global ARCC (advanced RCC) trial, temsi- 
rolimus is licensed for patients with metastatic, poor-risk RCC and is widely 
used in the United States for this indication.'? In Europe, a substantial fraction 
of patients with poor-risk disease receive sunitinib on the basis of subgroup 
analysis from the pivotal trial (NCT00083889) and data from the sunitinib 
expanded-access program.?^? 

Combination regimens consisting of either two VEGF pathway inhibitors 
(vertical inhibition) or a VEGF and mTOR inhibitor (horizontal inhibition) 
have also been evaluated in clinical trials but cannot be recommended on the 
basis of current best evidence (Table 10.3).20-23 


Second-line Therapy Following Cytokine Failure 


Two agents, sorafenib and axitinib, are recommended on the basis of level 1 
evidence following failure of cytokine-based therapy. 

Inthe TARGET trial, 903 patients with ccRCC who had progressed after one 
previous line of non-VEGF pathway-based therapy (mostly cytokine-based) 
were randomized to receive either sorafenib or placebo.!?!* Sorafenib con- 
ferred significant improvement in median PFS from 2.8 months to 5.5 months 
(HR, 0.44; 95% Cl, 0.35-0.55; Р<0.01) and was associated with a 10% objec- 
tive response rate compared with 2% in the placebo arm (P<0.001). The 
activity of axitinib in the second-line setting following cytokine failure was 
established in the multicenter AXIS (axitinib [AGO13736] as second-line 
therapy for mRCC) randomized phase 3 clinical trial.?*?» Seven hundred and 
twenty-three patients were stratified according to performance status (0 ver- 
sus 1) and previous first-line therapy and subsequently randomized to axitinib 
or sorafenib. Whereas the trial met its primary endpoint by demonstrating a 
significant prolongation of median PFS (per independent radiology review) in 
the axitinib arm regardless of prior therapy (6.7 months versus 4.7 months; 
HR, 0.665; 95% Cl, 0.544—0.812; one-sided P<0.0001), the effect of axitinib 
was most impressive in the subgroup of cytokine-pretreated patients, 
where it conferred a 12.1-month median PFS compared with 6.5 months in 
the sorafenib arm. Subgroup analysis of the VEG105192 trial revealed that 
pazopanib also has activity in patients with progressive disease following 
cytokine-based therapy (median PFS 7.4 months in the pazopanib arm com- 
pared with 4.2 months with placebo; HR, 0.54; 95% Cl, 0.35—0.94; P<0.001).° 
Sunitinib also demonstrated activity in this setting, although the clinical evi- 
dence supporting its use in this context is less robust.'^ Table 10.4 summarizes 
the key phase 3 trials of targeted therapies in the second-line setting. 


Second-line Therapy Following Failure of a 
Vascular Endothelial Growth Factor Pathway- 
Targeted Agent 


Two therapeutic strategies can be implemented for patients who develop 
progressive disease following VEGF—pathway-targeted therapy: treatment 
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with a different VEGF pathway inhibitor or pathway "switch" to an mTOR 
inhibitor. 

Proponents of the first approach draw support from the results of the 
aforementioned AXIS trial.?*25 In the subgroup of patients who developed 
progressive disease following upfront treatment with sunitinib, the use of 
axitinib resulted in a median PFS of 4.8 months compared with 3.4 months 
for patients who received sorafenib (HR, 0.741; 95% Cl, 0.573–0.958; 
P=0.0107). More recently, the INTORSECT (investigating TORISEL 
as second-line therapy) trial demonstrated an OS benefit in favor of 
sorafenib (median OS 16.6 months) compared to temsirolimus (median OS 
12.3 months) in patients who had progressed on sunitinib (HR — 1.31; 9526 
Cl, 1.05-1.63; P = 0.01)5. 

The earlier RECORD-1 (RCC treatment with oral RADOOT given daily) 
phase 3 trial established the use of the mTOR inhibitor everolimus as a stan- 
dard of care following failure of upfront TKI therapy.?/?? Four hundred and ten 
patients were randomized on a 2:1 ratio to receive everolimus at a dose of 10 
mg once daily orally or matched placebo. Of note, 26% of patients in this trial 
had previously been exposed to both sunitinib and sorafenib and were thus 
receiving treatment with everolimus or placebo in the third-line setting. Median 
PFS for the whole population was 4.9 months in the everolimus arm, compared 
with 1.9 months in the placebo arm (HR, 0.33; P « 0.001). For sunitinib-only 
pretreated patients, median PFS was 4.6 months for everolimus and 1.8 months 
for placebo (HR, 0.30; P«0.0001). Finally, for the subgroup of patients with 
progressive disease following two previous ТКІѕ, median PFS was 4.0 months in 
the everolimus arm, indicating activity for this drug in the third-line setting, albeit 
less pronounced compared with its use following failure of a single TKI. 


Third-line Therapy 


Following failure of second-line therapy, enrollment into clinical trials is rec- 
ommended. Patients who have received prior cytokine-based therapy and 
one VEGF-pathway inhibitor or two prior VEGF-pathway inhibitors can be 
considered for everolimus, based on subgroup analyses of the RECORD-1 
clinical trial.?/29 Patients previously exposed to both VEGF and mTOR-tar- 
geted therapy can be considered for rechallenge with а TKI. 
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Chapter 11 


Systemic Therapies for 
Metastatic Renal Cell 
Carcinoma of Variant 
Histology 


Sumanta K. Pal and Toni K. Choueiri 


Introduction 


It is unclear whether or not benefits of targeted therapies seen in clear-cell 
renal cell carcinoma (ccRCC) translate to RCC patients with non-clear-cell 
histology. There are several relevant non-clear-cell histologies including (in 
order of decreasing frequency) papillary, chromophobe, and collecting duct. 
Furthermore, any histology can be admixed with a sarcomatoid component, 
which is a particularly aggressive subtype. 


Papillary Renal Cell Carcinoma 


Papillary RCC (PRCC) is the most prevalent form of non-ccRCC and 
represents about 10%–15% of all cases of RCC. PRCC is subdivided into 
two distinct classes (type | and type II); clinically, type || disease is more 
aggressive. Antonelli et al. assessed a series of 132 patients with localized 
PRCC—57 patients (43%) had type | disease and 75 (57%) had type || 
disease.! Patients with type || disease had a significantly shorter disease-free 
survival (DFS). In a separate series of 130 patients with PRCC, 5 of 68 
patients (7%) with type | disease died of cancer-specific causes compared 
with 27% with type || disease (P = 0.002).? In а series of 395 patients with 
PRCC, Fuhrman grade and tumor, nodal, and metastasis stages were inde- 
pendently associated with cancer-specific death, while PRCC subtype was 
not? Other reports support the value of Fuhrman grade in predicting out- 
come in PRCC.*5 

Scant data are available to document outcomes of patients treated for 
metastatic PRCC prior to the era of targeted therapies. In a series of 38 
patients with PRCC treated at a single institution between 1985 and 2005, 
median overall survival (OS) was 8 months. The bulk of patients had received 
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immunotherapeutic agents, and no responses were recorded. Responses to 
cytotoxic chemotherapy have also been dismal. 

A Southwest Oncology Group protocol evaluated the efficacy of erlotinib 
in a series of 52 patients with PRCC. Among 45 evaluable patients, only 5 
(11%) achieved a partial response (PR), but a median OS of 27 months was 
observed.’ 

Recently, efforts have been made to characterize the efficacy of vas- 
cular endothelial growth factor (VEGF)-directed therapies in PRCC. In a 
retrospective analysis, 53 patients were identified with papillary and chro- 
mophobe histology who had received sunitinib or sorafenib as initial treat- 
ment.® Of 41 patients with PRCC, median progression-free survival (PFS) of 
7.6 months was observed, with a response rate (RR) of only 4.8%. Tannir 
et al. recently reported a phase 2 trial of sunitinib in 57 patients with non— 
clear-cell histology, including 27 patients (47%) with PRCC.? The median PFS 
for the entire cohort was 2.7 months and only 1.6 months with no objective 
responses for patients with РАСС.? Studies assessing VEGF-tyrosine kinase 
inhibitor (TKI) and pazopanib in PRCC and other non-clear-cell tumors are 
planned (Table 11.1). 

Evidence exists for the benefit of mammalian target of rapamycin (mTOR) 
inhibition in PRCC. Approximately 20% of patients with advanced poor-risk 
RCC who were enrolled in the pivotal phase 3 trial comparing temsirolimus, 
interferon-alpha or the combination of the two possessed non-clear-cell 
histology.'? Subset analyses from this study suggested that patients with 
non-clear-cell histology derived greater benefit from temsirolimus with 
respect to OS.!! A phase 2 study of everolimus in non-ccRCC has recently 
been reported, with two objective responses (776) among 29 patients with 
PRCC." The median PFS in this series was 5.2 months. Recently, a great 
deal of attention has been focused on abrogation of MET signaling in PRCC. 
Several small-molecule MET inhibitors have been developed, with demon- 
strable preclinical activity in cell lines with both wild-type and mutated MET.? 
Foretinib (XL880/GSK089) demonstrated substantial affinity for MET as well 
as VEGFR (VEGF receptor), RON, AXL, and Тіе-2.'* A recently published 
phase 2 trial explored daily and intermittent dosing of foretinib in 74 patients 
with PRCC. A response rate of 13.576 was observed, with a median PFS 
of 9.3 months.'? There are currently several other MET-directed therapies 
under evaluation in RCC. 


Chromophobe Renal Cell Carcinoma 


Chromophobe RCC is estimated to comprise about 5% of all cases of КСС.7 
The disease is characterized by an abundant eosinophilic cytoplasm, with an 
appearance akin to oncocytoma."7 Chromophobe RCC can be distinguish- 
able from oncocytoma, however, through the use of several immunohisto- 
chemical markers such as caveolin-1, MOC-31, CK7, S100A1, and claudin 
8.181? Gene rearrangements that may be specific to oncocytoma (eg, in the 
gene encoding cyclin D1, ССРМТ) may also help distinguish these two enti- 
ties. Chromophobe RCC is often thought of as a more indolent subset; 


Table 11.1 Ongoing Trials for Patients With Metastatic Renal 


Cell Carcinoma With Non-Clear-Cell Disease 


Trial Number Number Design Description 
of 
Patients 
NCT01524926 582 Phase 1: * Eligible tumor types: papillary 


crizotinib mRCC (type 1) and other ALK/ 
MET-driven tumors (eg, sarcoma, 
anaplastic large-cell lymphoma) 


No limit on prior therapy 
Crizotinib: ALK inhibitor 


* T EP: RR 
NCT01767636 39 Phase 2: • Eligible tumor types: non— 
pazopanib clear-cell mRCC (including 
papillary, chromophobe, 
medullary, and sarcomatoid) 
• Up to one prior therapy 
* Pazopanib: VEGF-TKI 
* T EP: RR 
NCT01108445 108 Randomized œ Eligible tumor types: non-clear-cell 
phase 2: mRCC (excluding collecting duct, 
sunitinib vs medullary, small cell, oncocytoma, 
everolimus or lymphoma-type) 
* Мо prior therapy 
* Sunitinib: VEGF-TK 
• Everolimus: mTOR inhibitor 
* 1 EP: PFS at 6, 12, апа 24 months 
NCT01185366 108 Randomized • Eligible tumor types: non-clear-cell 
phase 2: mRCC (including papillary, 
sunitinib vs chromophobe, collecting duct, 
everolimus sarcomatoid, translocation, and 


unclassified) 


No prior therapy 

Sunitinib: VEGF-TKI 
Everolimus: mTOR inhibitor 
(ИВРЯВЕЅ 


1°, primary; ALK, anaplastic lymphoma kinase; EP, endpoint; mRCC, metastatic renal cell 
carcinoma; mTOR, mammalian target of rapamycin; PFS, progression-free survival; RR, response 
rate; VEGF-TKI, vascular endothelial growth factor—tyrosine kinase inhibitor. 


10-year survival estimates for localized disease are in the range of 8076 to 
9026.79?! Furthermore, projections from the Surveillance, Epidemiology and 
End Results database suggest that chromophobe RCC accounts for only 1% 
of RCC-related deaths.? However, the existing literature does caution that 
there are several features of chromophobe tumors that may predict poor 
outcome, such as high grade, tumor necrosis, and sarcomatoid change.???* 

A predisposition to chromophobe RCC has been noted in association 
with Birt-Hogg-Dubé syndrome.? Defining the optimal systemic therapy for 
metastatic chromophobe RCC is challenging due to lack of data. In the previ- 
ously cited series that included patients with non-clear-cell metastatic RCC 
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(mRCC), 12 of 53 patients (23%) had chromophobe histology.? With first-line 
therapy including either sunitinib or sorafenib, three patients achieved a PR 
of 25%, with a median PFS of 10.6 months. The previously cited phase 2 trial 
by Tannir et al. that explored first-line sunitinib included only five patients 
with chromophobe histology.? With the caveat of this small sample size, 
an impressive median PFS of 12.7 months was reported, with two of the 
five patients achieving a partial response. The activity of mTOR inhibitors in 
chromophobe mRCC has not been adequately studied, although reports of 
response to these agents have been published.?? 


Sarcomatoid Renal Cell Carcinoma 


Sarcomatoid elements can be present with any other subtype of RCC; these 
elements are marked by highly concentrated areas of spindle-like cells with 
substantial atypia.” Although historical series have estimated that approxi- 
mately 5% of patients with RCC harbor sarcomatoid features, more recent 
series suggest the proportion may be as high as 1026—1526.?/3? The pres- 
ence of sarcomatoid elements is thought to portend a poor prognosis. The 
systemic management of sarcomatoid RCC can be dichotomized into two 
distinct approaches: therapy with cytotoxic chemotherapy and therapy with 
targeted agents. In a phase 2 trial of doxorubicin plus gemcitabine, 18 of 
38 patients (4776) were noted to have pure sarcomatoid disease, while 13 
patients (34%) had clear-cell disease with overlying sarcomatoid features.?' 
One complete response and five PRs were observed, yielding an over- 
all RR of 16%. An additional 10 patients had stable disease (SD) lasting at 
least 56 days. The median PFS was 3.5 months, and the median OS was 
8.8 months. Given the dismal response to cytotoxic therapy alone, efforts 
have been made to evaluate the efficacy of targeted agents in sarcomatoid 
mRCC. Golshayan et al. reported outcomes from a series of 43 patients 
with mRCC and sarcomatoid features treated with VEGF-directed therapies 
(sunitinib, sorafenib, bevacizumab or sunitinib with bevacizumab).?? Eight 
patients (19%) achieved a partial response, with an additional 21 patients 
(49%) achieving stable disease. Median PFS in this retrospective assessment 
was 5.3 months, with median OS of 11.3 months. In a series of 29 patients 
receiving temsirolimus or everolimus, 3 patients (10%) achieved а PR and 11 
patients (10%) achieved 50.23 Median PFS was 3.4 months, while median OS 
was 8.3 months. 

To date, there are no prospective studies directly comparing cytotoxic and 
targeted therapies in sarcomatoid mRCC. 


Xp11.2 Translocation Renal Cell Carcinoma 


Translocations involving Xp11.2 were first associated with RCC more than 
two decades ago.?^?* Although these aberrations were first noted in a pedi- 
atric population, the disease is recognized with increasing frequency in adults. 
The Xp11.2 translocation typically involves fusion of the transcription factor 


E3 (TFE3) gene with either PRCC or the alveolar soft part sarcoma locus 
(ASPL).?739 These fusion products may have greater transcriptional activity 
and, in turn, promote carcinogenesis and tumor proliferation, given the role 
of TFE3 in mediating the cell cycle.?? 

Komai et al. assessed the frequency of Xp11.2 translocation in a series 
of 443 consecutively treated patients with КСС. Although the overall 
incidence was low, 4 of 26 patients (15%) aged «45 years were noted to 
possess this aberration. Data related to outcomes with systemic therapy 
for metastatic Xp11 translocation RCC are sparse. Choueiri et al. assessed 
15 patients who had received VEGF-directed therapies across a total of 
four institutions." The majority of patients had metastatic disease at the 
time of initial presentation (8/15, 53%) and more than one metastatic 
site (12/15, 80%). These VEGF-directed therapies included sunitinib, 
sorafenib, and monoclonal anti-VEGF antibodies. Median PFS and OS were 
7.1 months and 14.1 months, respectively. Although no prospective com- 
parisons of targeted agents and immunotherapy are available, a report 
from the Juvenile RCC Network did document the activity of these agents 
retrospectively in a series of 23 patients with metastatic Xp11 transloca- 
tion RCC.? 
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Chapter 12 


Prognostic and Predictive 
Biomarkers in Renal Cell 
Carcinoma 


David D. Chism and W. Kimryn Rathmell 


The accelerated drug discoveries related to renal cell carcinoma (RCC), 
which are based on sizable gains in detailing relevant molecular biology, make 
the goal of personalized "tailored" therapy within reach. The application 
of biomarkers aids in this process by both assessing biological features that 
establish risk for metastases or disease recurrence (prognostic biomarkers) 
and/or by predicting which type of patient benefits from one of several tar- 
geted therapies or is more likely to encounter a specific side effect (predic- 
tive biomarkers). The standard tumor, nodal, and metastasis classification 
and conventional clinical prognostic factor models do not comprehensively 
address the rich complexities of a heterogeneous malignancy treated in the 
targeted-therapy era. In this chapter, we review the key prognostic and pre- 
dictive biomarkers and discuss their evolving role in RCC. 


Introduction 


Prior to the current targeted-therapy era, individuals diagnosed with meta- 
static RCC (mRCC) had a median survival of 10 months and a 5-year sur- 
vival rate of <10%.' The resistance of mRCC to conventional therapies 
ushered in a need for novel approaches. Since 2005, the US Food and Drug 
Administration (FDA) has approved seven RCC targeted therapies, which are 
divided into two major groups based on their molecular mechanism of inhibi- 
tion: the mammalian target of rapamycin (m TOR) and the vascular endothe- 
lial growth factor (VEGF) pathway inhibitors.?? 

The pace of development of novel targeted therapies has created fertile 
ground for RCC biomarker discovery. As a result, a plethora of candidate 
prognostic and predictive biomarkers are in various phases of development 
and validation. Yet, none are FDA approved. In this chapter, we review the 
key validated prognostic biomarkers, including Fuhrman grade, sarcomatoid 
histological variant, nuclear protein Ki-67, and the insulin-like growth factor 
2 (IGF-2) mRNA-binding proteins (IMP) 3. We evaluate the nonvalidated 
prognostic biomarkers categorized based on protein (carbonic anhydrase IX 
[CAIX], hypoxia-inducing factors [HIF] 1 and 2, and survivin), gene expression 
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(clear cell type A [ccA] and B [ccB]), and cytogenetic abnormalities (chromo- 
some 9р апа 14q and BRCA1-associated protein-1 [BAP1]). We also discuss 
predictive biomarkers described based on predictions for activity of drugs 
targeting the mTOR or VEGF pathways. 


Clinical Prognostic Factor Models 


The University of California-Los Angeles integrated staging system is one of 
several clinical prognostic factor models (PFMs) used to assign nonmetastatic 
patients into groups in order to estimate risk for recurrence. ? Unfavorable 
clinical PFMs for mRCC have also been well characterized. Motzer et al.' 
established a PFM that associated a poor survival in mRCC patients based 
on the following five criteria: Karnofsky performance status (<80%), serum 
lactate dehydrogenase (1.5 times the upper limit of normal [ULN]), hemo- 
globin (less than the lower limit of normal), serum calcium (>10 mg/dL), and 
absence of prior nephrectomy. Patients were divided into the following three 
groups: favorable (no risk factors; median survival 30 months), intermediate 
(one or two risk factors; median survival 14 months), and poor (three or 
more risk factors; median survival 6 months). This РЕМ was updated in 2002? 
with similar outcome data and prognostic criteria. Recent efforts to update 
these criteria for use in making prognostic assessments in the era of targeted 
therapies have identified many of the same features.'* In addition, а neutro- 
phil count greater than the ULN and platelets greater than the ULN were 
independent prognostic factors. These PFMs form the clinical framework on 
which tissue-based biomarkers will be interpreted, ultimately, in the form of 
integrated models. 


Prognostic Biomarkers—Validated 


Patients have the potential to benefit from prognostic biomarkers that are 
used to estimate risk of recurrent disease or other outcome. The validation 
process for generating biological markers for risk assessment consists of the 
following major phases: basic research for target identification, retrospective 
validation and development of an optimized test for clinical use, prospective 
clinical development, and FDA filing and approval. The majority of biomark- 
ers currently being investigated are in the early basic research phase, resulting 
in an abundance of putative biomarkers, but only a handful that have been 
validated in independent retrospective series. A summary of the key validated 
biomarkers is provided here and in Table 12.1. 


Fuhrman Grade 


Nearly three decades ago, Fuhrman et al.'^ published a pivotal, landmark 
study in which the importance of nuclear histology in RCC prognosis was 
established. This qualitative assessment has since been widely incorporated 
into most clinical risk assessments as the single most widely reported criteria 
of tumor biology for clear cell RCC (ccRCC) tumors. 
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Sarcomatoid Variant 


Sarcomatoid variant is an uncommon spindle-shaped histological variant that 
can be found in all subtypes of RCC and is also known for being a hallmark 
feature of an aggressive clinical course. To investigate its prognostic value, 
Mian et al. performed a retrospective study of 108 patients with localized 
and advanced sarcomatoid RCC from 1987 to 1998 and established the poor 
outcomes associated with this feature (P « 0.004). 


Nuclear Protein Ki-67 


Nuclear protein Ki-67, an established marker of cancer proliferation, is also 
associated with more aggressive disease and poor prognosis if increased in 
RCC. Bui et al.” examined the tissue microarrays of 224 patients with ccRCC 
post-nephrectomy. Both Ki-67 and the expression of CAIX, a commonly 
expressed protein in ccRCC, were associated with clinical factors, pathology, 
and overall survival (OS). High Ki-67 staining correlated significantly with a 
poor median OS (P « 0.001), and low CAIX staining correlated significantly 
with poor median OS (P « 0.011). When combined for Ki-67 high expres- 
sion and CAIX low expression, RCC tumors could be stratified into low-, 
intermediate-, and high-risk groups with median OS of 101, 31, and 9 months, 
respectively (P < 0.001). Similarly, Lam et al.'® used both Ki-67 and CAIX to 
assess prognosis, and Tollefson et al.'? implemented a subsequent validation 
study to confirm these findings in 741 tumor specimens from patients who 
underwent surgery for ccRCC. The prognostic information obtained for Ki-67 
showed that high levels of Ki-67 more than doubled the risk of death from 
RCC (P « 0.001). 


IMP3 


IMP3 is a member of the IGF-II mRNA-binding protein family. It is absent in 
adult tissues, and its expression is found in developing epithelial tissue during 
human embryogenesis. Jiang et al.” investigated whether IMP3 could be used 
as a biomarker to predict metastasis and prognosis by examining 501 pri- 
mary and mRCC tumors. They measured IMP3 mRNA and protein expres- 
sion by quantitative real-time polymerase chain reaction and immunoblot, 
respectively. IMP3 expression was increased in both metastatic tumors and 
a subset of primary tumors. Localized tumors that did not express IMP3 had 
a longer metastasis-free survival and OS (P « 0.0001). This study suggests 
that IMP3 could be used in the early phases to identify patients with high 
potential to develop metastasis. Hoffman et al.?! validated IMP3 as an inde- 
pendent prognostic marker for patients with ccRCC by studying 716 tumor 
specimens from patients. Expression of IMP3 was determined in 213 of the 
ccRCC specimens, with high expression associated with a 4276 increase in 
the risk of death (P — 0.024); among patients with localized disease, it was 
associated with a 5-fold increase in the risk of distant metastases (P « 0.001). 


Prognostic Markers—Nonvalidated 


A summary of the nonvalidated prognostic biomarkers is provided here and 
in Table 12.2. 
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von Hippel-Lindau Gene and Carbonic Anhydrase IX 


The von Hippel-Lindau (VHL) gene is the single most commonly mutated 
gene in ccRCC. The mutation, deletion, and hypermethylation of this gene 
are all inactivating events and have been examined with conflicting results 
for relation to outcomes. Thus, most attention to this high-frequency event 
in RCC development has been focused on downstream factors. CAIX is 
expressed in a majority of ccRCCSs as a result of transcriptional activation by 
HIF-1a. Absent in normal renal tissue, it is overexpressed in ccRCC second- 
ary to mutations in the VHL gene! 

Sandlund et al.? evaluated CAIX in ccRCC tumors from 228 patients 
based on low (0%-10%), intermediate (11%—90%), and high (91%—100%) 
expression. Patients with low expression had a less favorable prognosis than 
those with intermediate or high expression (P = 0.012 and P = 0.001, respec- 
tively). Not only did this study demonstrate increased expression of CAIX in 
ccRCC when compared with other subtypes (ie, papillary and chromophobe 
RCC), it showed less favorable prognosis with tumors that express low levels 
of CAIX. Patard et al also confirmed the correlation of lower protein expres- 
sion of CAIX and poor prognosis.? CAIX expression was found to be an 
independent prognostic factor, with low CAIX expression associated with a 
poor clinicopathological phenotype and diminished survival. 


Hypoxia-Inducing Factor-1a and -2a 


HIF is a large heterodimeric transcription factor complex that consists of an 
unstable a subunit that binds with a stable (3 subunit in adaptation to hypoxia. 
HIF-1a has been well characterized for its role in angiogenesis, invasion, and 
metastasis. HIF-2a is a highly similar family member that transcriptionally acti- 
vates a similar, but nonoverlapping, set of genes.” 

The importance of HIF-2a in tumor promotion is being actively pursued 
with increasing clarity for its role in ccRCC. Gordan et al.” studied the differ- 
ential effects of the HIF-a subunits in vitro and found that HIF-2a promoted 
c-myc transcriptional activity and cell-cycle progression in vitro, directly 
opposing the cell-cycle inhibitory activity of HIF-1a. Subsequently, this group 
demonstrated that ccRCC tumors could be classified as VHL wild type or 
VHL mutated and expressing both HIF-1a and HIF-2a (H1H2) or as VHL 
mutated and expressing only HIF-2a.?* This cohort of tumors confirmed the 
predicted effect of HIF-2a on myc-dependent proliferation while also dem- 
onstrating a specific pattern of metabolic gene expression and activation of 
the mTOR pathway in H1H2 and VHL wild-type tumors. Additional clinical 
studies to measure both HIF-a subunit levels for patients with ccRCC in rela- 
tion to either mTOR or VEGF-targeted therapy are ongoing. 


Hypoxia-Inducing Factor-1a Deletion 


HIF-a subunits have been clarified, with increasing importance placed on 
HIF-2a for cell-cycle progression in ccRCC. Shen et al.?” introduced the 
new paradigm of HIF-1a acting in ccRCC as a tumor suppressor gene. 
Downregulation of HIF-1a promoted tumor cell growth of RCC4 cells in 
vivo, and gene expression found diminished evidence of the HIF-1a gene 
signature in tumors that sustained a 14q deletion spanning the HIF-1a locus 


(P < 0.01). Taken together, these data suggest that HIF-2a is the dominant 
tumor promoting transcription factor subunit of this family of proteins in 
ccRCC. However, even as tightly integrated as these proteins are with RCC 
tumorigenesis, their functional role in assigning prognosis is not known. 


Survivin 


Survivin, a key member of the inhibitors of apoptosis proteins, is upregulated 
in several malignancies.” Survivin (also BRIC5) plays a prominent role in the 
maintenance of cancer viability and chemoradioresistance. Lei et al.? assessed 
the prognostic significance of survivin expression in tissue samples from 75 
patients. Expression of survivin mRNA was significantly higher in tumors than 
in nontumor kidney tissues. In addition, patients with high survivin levels had 
a significantly shorter OS (P « 0.001). This study supports the potential use 
of survivin as an independent, prognostic biomarker. Zamparese et al.?? also 
investigated the use of survivin in ccRCC as a predictor of progression and 
survival. Using immunohistochemical techniques to assess survivin protein 
from 49 nonmetastatic ccRCC tumors, they found a significant correlation 
between survivin overexpression and mortality rate (P « 0.05). These data 
support survivin expression in ccRCC as a tool for identifying patients with 
more aggressive disease and a worse prognosis. 


Gene Expression Signature Biomarkers 


With modern gene expression methodologies, ccRCC can be further classi- 
fied into two major subtypes based on inherent patterns of expressed genes. 
These biologically defined subgroups have been labeled clear cell A and clear 
cell B (ccA and ccB, respectively)? The two subtypes were validated in a 
second independent dataset (N — 177). The ccA subtype was associated 
with a significant improved survival relative to ccB subtype (P = 0.0002). 
Thus, like so many other tumor types, complex gene signatures can accu- 
rately stratify histologically similar tumors into groups that are both biologi- 
cally and clinically meaningful. Other expression-based biomarker gene sets 
have been developed using a priori outcome case selections to identify sig- 
natures of genes associated with disease recurrence. These sets are also 
undergoing validation.?' 


Cytogenetics—Chromosomes 9p and 14q Deletions 


Cytogenetic abnormalities play a crucial role in numerous malignan- 
cies. Chromosomal 9p deletion has been demonstrated to be associated 
with an aggressive phenotype of ccRCC. La Rochelle ега! analyzed 703 
ccRCC tumors using fluorescence in situ hybridization and cytogenetics. 
Ninety-seven tumors (13.8%) had deletions of chromosome 9p. When strati- 
fied for 9p deletion, they found that the 9p-deleted tumors were larger and 
had a high grade, a high tumor classification, and an increased lymph node or 
distant metastases (P < 0.01). Deletion of chromosome 14q is even more 
common in ccRCC than chromosome 9p deletions and is also associated with 
poor outcomes. Monzon et al.? examined tumor specimens from 112 ccRCC 
patients using 250K single-nucleotide polymorphism (SNP) microarrays. 
In nonmetastatic ccRCC, the loss of 14q was associated with higher grade 
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(III-IV; Р < 0.001) and higher risk of recurrence (2.78; Р < 0.002), as well as 
with decreased OS (P « 0.03). Intriguingly, they also determined that a gain of 
8q conferred decreased OS (P « 0.0001). With HIF-1a residing on 14q, these 
findings corroborate data that implicate loss of this factor as a potential step 
in disease progression. The remaining genes implicated in these chromosomal 
regions remain to be determined. 


BAP1 Mutation 


Whole-genome and exome sequencing continues to push the discovery of 
important genetic contributors in ccRCC. Pefia-Llopis et al.?* used these 
techniques with tumor graft analyses to identify BAP? as a putative two-hit 
tumor suppressor gene inactivated in 1576 and associated with a higher tumor 
grade (9 = 0.0005). BAP1 and PBRM1 anticorrelated in tumors (Р = 0.0005), 
and when mutations of both were detected, these tumors were observed to 
have rhabdoid features characterized by an abundant acidophilic cytoplasm, 
acentric nuclei, and prominent macronucleoli, all characteristic of high-grade 
tumors. To determine the impact of these mutational events on clinical out- 
comes and to implicate BAP1 mutation as a potential prognostic biomarker, 
Kapur et al.? performed a retrospective analysis of two independent cohorts 
and showed that ВАРТ mutations had a worse median OS when compared 
to PBRM1 mutation (4.6 years versus 10.6 years; hazard ratio [HR], 2.7; 
P — 0.044). This gene event, which remains to be prospectively validated, rep- 
resents the first major genetic change with prognostic significance for ccRCC. 


Predictive Biomarkers 


RCC predictive biomarkers hold tremendous promise in weighing therapeu- 
tic options. A summary of the predictive biomarkers is provided here and in 
Table 12.3. 


mTOR Pathway 


Akt and Phosphorylated 56К (р56) 

Akt, also known as protein kinase B, is part of a pathway that links extracel- 
lular growth signals to mTOR activation, and its activity is marked by phos- 
phorylation (pAkt). The S6 protein is phosphorylated by the pS6 kinase in 
the presence of active mTOR and is responsible for protein translation. 
Pantuck et al. linked both Akt and pS6 with RCC. Levels of expression 
were correlated with OS. The relationship of these indicators of the greater 
mTOR pathway activation and response to mTOR inhibitor therapy remains 
an important category of putative biomarkers for prediction of response. 
However, these putative predictive biomarkers remain to be validated further 
for widespread use in making mTOR inhibitor therapy treatment decisions. 


Lactate Dehydrogenase as a Predictive Biomarker of mTOR Outcome 

High serum lactic acid dehydrogenase (LDH; 1.5 times ULN) is one of the 
five clinical factors used in Motzer's clinical prognostic model for mRCC.*? 
Armstrong et al.?7 retrospectively investigated the role of LDH as a predictive 
biomarker in 404 poor-risk mRCC patients treated with the mTOR inhibitor 
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temsirolimus. When compared with patients who had LDH less than or equal 
to normal, patients with an LDH that was greater than normal had an HR 
for death of 2.81 (P « 0.001). One-hundred and forty patients with an LDH 
greater than the ULN had a significant improvement in OS with temsirolimus 
(6.9 months versus 4.2 months; P « 0.002). 


VEGF Pathway 


VEGF and VEGFR SNPs and Hypertension 

Hypertension is a well-documented on-target side effect of VEGF pathway 
inhibition. However, the extent of hypertensive response varies from patient 
to the patient, suggesting that there may be an element of host-specific inter- 
action that may translate to tumor responses to therapy. Kim et al.?? exam- 
ined the association of VEGF and VEGFR2 SNPs with acquired hypertension 
and clinical outcome in metastatic ccRCC in patients treated with sunitinib. 
Sixty-three patients were treated with sunitinib; blood pressure data were 
monitored and germline DNA was retrospectively evaluated. Both VEGF 
and VEGFR2 SNPs were associated with the development of hypertension 
and further associated with response. A combination of VEGF SNP 936 and 
VEGFR SNP 889, when adjusted for prognostic group, was associated with 
OS (P = 0.03). 

Interleukin 6 as a Predictor of VEGFR Tyrosine Kinase Inhibitor Outcome 

Tran et al.? used a three-step approach—screening, confirmation, validation— 
to assess cytokine and angiogenic factors (CAFs) as prognostic and predictive 
biomarkers for patients treated with pazopanib. They screened the CAFs of 
17 mRCC patients who had the greatest or least tumor shrinkage in a phase 2 
trial; the result was the following five candidate markers: interleukin (IL)-6, IL-8, 
hepatocyte growth factor, tissue inhibitor of metalloproteinases, and E-selectin. 
Finally, in a randomized, phase 3 trial (N — 344 patients), they validated that 
high concentrations of IL-6 predicted improved relative progression-free sur- 
vival benefit in patients treated with pazopanib when compared with placebo 
(Pinteraction = 0.009). Validation of IL-6 as a predictive biomarker for treatment 
with mTOR inhibitors and other risk groups is also warranted. 


Conclusions 


Medical oncologists face significant challenges in determining which targeted 
therapy is best suited for their individual patient’s tumor biology. Expanded 
treatment choices afforded by the RCC accelerated drug development pro- 
gram further complicate the evolving treatment landscape. Prognostic and 
predictive markers hold promise in fashioning personalized therapy. By 
molecularly staging mRCC patients based on KI-67 or IMP3 expression levels, 
physicians may determine prognosis and anticipated life expectancy, although 
more precise tools remain to be validated prospectively. Furthermore, con- 
tinued headway into molecular biology and pathways coupled with growth 
in the field of genomics and proteomics will only hasten drug development, 
making the effective use of predictive RCC biomarkers markers crucial. 
Additional predictive biomarkers such as CAIX and members of the mTOR 


pathway are under investigation. As 7 RCC targeted therapies grow into 17 
and as adjuvant therapies that can reduce risk for disease recurrence are 
developed, the patient will ask, Doctor, which therapy is right for me? Clinical 
and biological biomarkers are needed to provide coordinated information for 


providing a precise answer. 
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Chapter 13 


Management of Complications 
of Targeted Therapies 

for Metastatic Renal Cell 
Carcinoma 


Bradley Atkinson and Diana Cauley 


Introduction 


During the past decade, multiple targeted therapies received regulatory 
approval for metastatic renal cell carcinoma (mRCC). While greatly expand- 
ing the treatment armamentarium for mRCC, targeted therapies have a 
profile of adverse events (AEs) that is very different from that of traditional 
chemotherapy and immunotherapy. 


Anti-Vascular Endothelial Growth Factor 
Monoclonal Antibody 


Bevacizumab has been approved for use with interferon-alfa (IFN-a) for 
mRCC. The primary AEs seen in phase 3 clinical trials of bevacizumab 
and IFN-a therapy include fatigue, asthenia, hypertension, proteinuria, 
anorexia, and bleeding (Table 13.1). Additionally, toxicity of bevacizumab 
therapy includes gastrointestinal perforation (sometimes fatal), severe or 
fatal hemorrhage, and increased incidence of wound healing and surgical 
complications.'? 


Tyrosine Kinase Inhibitors 


The oral tyrosine kinase inhibitors (TKIs) have a class AE profile character- 
istically unique, as compared with mammalian target of rapamycin (mTOR) 
inhibitors and conventional chemotherapy. Even among individual TKI thera- 
pies, the incidence and severity of AEs vary greatly, in part, based on their 
molecular targeted receptors, which include intended target and "off-target" 
toxicities and individual patient characteristics, such as comorbidities, tumor 


133 


еуререон 


ита 


sseuji e»i|-ezuenju| 


Suipes|g 


enne; 


eruəyasy 


+ |+|+|+|+ 


uoisuey1edAH 


зпогив 925 | 


чопешшеуи! [е502п | 


SSO] 39819 АМА 


uonednsuo? 


veuuelq 


ured јешшорау 


+ |+|+|+ 


eIxo4o0uv 


SuniuoA 


snneulo1s 


+ |+|+|+ 


eesneN 


eSueup лојо2 ure 


[eunseuro.nsecy 


epedo|v 


ЕУ] 


du 


d 


$ 


әшолри/ѕ зоој-риен 


218ојозешзәа 


„aqtuy 


s qiuedozeg 


sis, Шојелоб 


y qiuniung 


ешошзлеј |?) |еиәу 213€3s7?39|4 £L u3ldvHO 


,Snuumoarsuuo 


VEL 


gSnuuno49A3 


c qeunzioeAog 


3293 әѕләлрүу 


wua3sks 


%07< :ешошэлео әд [euey зпезоејо W лој Soidessy | розо8влеј Jo SJUBAW о5лолру иошшо Jo озизроиј [£4 AJEL 


ешошзлеђ |ә? |еиәу 213?3s?39|4 El u3ldvHO GEL 


(panunuo>) 


aseyeydsoud 
dk eui[eye рәѕеәлои 


oseJojsue.noulue 
a a di әшиеје рәѕеәлои 


eseJejsue.nouruue 
+ di di exexyedse pəseə Du 


m m m esedi| рәѕвәлои 


чь ъгшәр!а!іләаАн 


Е ешпигедоја 


ошицеоло резеелои KJo1eJoqe1 


elueuy 


ешедомоодшолу | 


+ |+|+|+ 


eiuedoydwAq 


d eiuadosnany 


+ |+|+]+ 
+ 
+ |+|+|+|+|+ 


eiluedoxne1 218ојозешәнң 


ured >ртя 


zh ъшәрә [eJeudiusg 


+ m J9^9j 


+ |+|+]+ 


+ uon?sju| 


+ eiuoydskq 


i n ЧЗпоо 


n n eoudsAq 


n ъшәлеиофќн 


9 eseaJoui uiqnui[iq [210] 


Чр ei uueprue»A[S.n.4edAH 


m m elue|o4e1se|oupaedAH 
m + + ъішәэ/[8ЈәаАң 


n esejAue рәѕвәлоц] 


"m "m m eiue»pe»odAH 


+ 3t du du eiueyeudsoudodAH 


m рое змп рәѕеәлоці 


udiunixy | „уфиедохва | ,,,,qiuajeJos | ,,qiuniuns | „зпшомзшој | „зпшолела | „дешпаоелод 32993 әѕләлрүу и193546 


(penunuo»5) pti әде 


ешошзлеј |?) |еиәу 213€3s739|4 El u3ldvHO 9EL 


extent and type, concomitant medications, and pharmacokinetics. Most AEs 
occur during early cycles of therapy and generally decrease in frequency with 
subsequent cycles. Common TKl-associated AEs are listed in Table 13.1 
and their prevention and management are reviewed in Table 13.2. 


Mammalian Target of Rapamycin Inhibitors 


Everolimus is an orally administered and temsirolimus is an intravenously 
administered inhibitor of mTOR kinase. Both medications have significant 
immunosuppressive properties and are associated with an increased risk of 
bacterial, fungal, and viral infections. Importantly, systemic fungal infections 
should be fully treated prior to starting therapy. Hepatitis B and C titers 
should be assessed prior to starting mTOR inhibitor therapy. 

mRCC treated with mTOR inhibitors can lead to elevation in serum creati- 
nine, glucose, cholesterol, and triglycerides and to noninfectious pneumonitis 
(Table 13.1).78 


Management Strategies of Selected 
Adverse Events 


Rash 


TKls are associated with rash, more often with sorafenib, sunitinib, and 
axitinib (in descending order) than with pazopanib.? The rash associated with 
mTOR inhibitors is not as intense as that seen with TKIs and has a more mac- 
ulopapular appearance. It may be associated with pruritis and often involves 
the face, scalp, and upper torso. For pruritic rash, antihistamines or anti-itch 
lotions may be indicated. For dry skin with or without pruritis, patients may 
use emollient-based moisturizers on a regular basis. Patients should also avoid 
exposing skin to hot water and sunlight so as to not worsen symptoms.? 


Mucositis 

Mucositis is characterized by painful inflammation and/or ulceration of the 
mucous membranes of the gastrointestinal tract; stomatitis refers to symp- 
toms specifically in the mouth. Many patients experience pain, which can 
impact speaking, eating, or opening the mouth. Stomatitis is commonly seen 
in patients on sunitinib, sorafenib, bevacizumab/interferon alfa, temsirolimus, 
and everolimus. A number of management strategies are available, but there 
is no consensus regarding which one is most effective.'? Mouthwashes that 
contain viscous lidocaine or those that are alcohol- and peroxide-free provide 
discomfort relief as well as help maintain good oral hygiene. If oral candidiasis 
is suspected, a nystatin suspension may be initiated.? 


Diabetes Mellitus 

Grade 3/4 hyperglycemia occurs in up to 15% of patients receiving mTOR 
inhibitor therapy. A management strategy for previously diagnosed diabetics 
is to frequently monitor blood sugar and adjust medications as necessary to 
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prevent uncontrolled hyperglycemia. For nondiabetics, blood sugar should 
be screened frequently in order to monitor for new-onset diabetes. The oral 
biguanide, metformin, is a first-line choice for diabetes but is contraindicated 
if the creatinine clearance is <60 mL/min and must be held for 48 hours after 
radiologic scans.? 


Hyperlipidemia 

Grade 3/4 hyperlipidemia occurs in 3% of patients receiving mTOR inhibi- 
tors. Providers should draw an initial baseline lipid profile and again every 
6 weeks if levels are elevated above recommended values.’ The National 
Heart, Lung, and Blood Institute: Adult Treatment Panel Ill guidelines 
may be useful for managing patients with hypercholesterolemia and/or 
hypertriglyceridemia. 


Hypertension 

Hypertension in the general population is commonly treated according to 
the Joint National Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (JNC7) guidelines. There are limited 
data regarding the management of hypertension in oncology patients. JNC7 
guidelines may be followed; however, note that lifestyle modifications may 
be difficult for patients with decreased performance status related to their 
cancer diagnosis and treatment. Medications should be selected according to 
the patient’s comorbidities, drug interactions, and compelling indications as 
well as contraindications. Traditional first-line medications include angiotensin 
converting enzyme inhibitors, angiotensin-receptor blockers, beta-blockers, 
calcium-channel blockers, and diuretics.!! Providers may consider agents 
other than nifedipine, as it has been shown to induce vascular endothelial 
growth factor secretion. Providers should avoid the nondihydropyridine 
calcium-channel blockers, diltiazem and verapamil, for patients on TKI ther- 
apy due to СУРЗА4 drug-drug interactions. ? 


Pneumonitis 


Noninfectious pneumonitis is a class effect of the mTOR inhibitors; it 
is observed at higher frequency in patients receiving everolimus than 
temsirolimus.!? Providers should perform careful clinical monitoring 
for this AE at each visit. Pretreatment pulmonary function tests may be 
needed, and chest computed tomography imaging should be performed if 
a patient presents with new respiratory symptoms. The optimal manage- 
ment of this AE is still undefined; however, in clinical practice, the use of 
corticosteroids is common. Albiges and colleagues have published a man- 
agement guideline.'? 


Renal Issues 


The incidence and severity of proteinuria are increased in patients receiving 
angiogenesis inhibitor therapy (ie, bevacizumab and the oral ТКІѕ). In general, 
patients treated with angiogenesis inhibitors should have routine urinalysis 
monitoring. Patients with a urine dipstick reading 22 should have a 24-hour 
urine collection; therapy should be held for >2 grams of protein per 24 hours 
and resumed when proteinuria is <2 grams per 24 hours.? 


A grade-1/2 rise in serum creatinine is common with bevacizumab 
and mTOR inhibitor therapy; treatment changes are not necessary. Rare 
grade-3/4 rises in serum creatinine warrant dose interruption and possible 
dose reduction.$ 
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Chapter 14 


The Role of Traditional 
and Stereotactic Radiation 
in Metastatic Renal Cell 
Carcinoma 


Amol J. Ghia and Seungtaek Choi 


Introduction 


Renal cell carcinoma (RCC) is the seventh leading cause of death from can- 
cer in the United States.!? Bone is а common site of metastatic involvement, 
with 20%-35% of RCC patients eventually developing bone metastases.?? In 
one series, more than one-third of patients with cancer had vertebral metas- 
tases on autopsy.$ Spine metastases are not only the most prevalent skel- 
etal metastases, they are also the cause of the most morbidity. Due to the 
weight-bearing function of the spine, vertebral compression fractures (VCFs) 
can occur when the vertebral bodies are compromised by metastases. While 
some spinal metastases are asymptomatic, the development of acute VCFs 
results in significant morbidity including pain, kyphosis, decreased mobility, 
neurologic complications, and, ultimately, a decline in performance status. 
Additionally, disease progression can lead to neurological deterioration due 
to compression of the spinal cord or cauda equina, which can lead to per- 
manent disability if not addressed rapidly." With improved progression-free 
survival (PFS) and overall survival (OS) rates owing to the use of targeted 
therapies in patients with metastatic RCC, addressing bone metastases with 
modalities that can provide durable local control has become a growing con- 
cern.?? The majority of RCC patients with bone metastases will undergo 
some form of radiation therapy to palliate pain, prevent disease progression 
and pathological fracture, and halt or reverse neurological compromise.? 


Conventional Radiotherapy 


The mainstay of palliative treatment for RCC bone metastases has been 
conventional, fractionated radiation. Conventional radiotherapy is defined as 
radiation usually delivered using one or two beams without highly conformal 
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techniques to the site of disease. As a result, critical structures such as bowel 
and spinal cord receive the full radiation dose. Typically, the total dose given 
is limited to doses below the tolerance level of the normal tissues; the daily 
dose given in 2.0- to 3.0-Gy fractions. This significantly limits the effective- 
ness of this technique, as doses below the normal tissue tolerance level may 
be significantly below the optimal therapeutic dose.!'-? However, this tech- 
nique has the advantage that it can be delivered quickly and can address mul- 
tiple sites simultaneously. Though, for radioresistant tumors including RCC, 
conventionally fractionated radiation has been shown to lead to suboptimal 
local control.1416 

The role of hypofractionation has been addressed using this conventional 
technique. Several studies have addressed the role of palliative radiation 
delivered in a single fraction (typically 8 Gy), as compared with fractionated 
radiation. This question was studied in the context of a Radiation Therapy 
Oncology Group phase 3 clinical trial that randomized patients with bone 
metastases to either 8 Gy in a single fraction or 30 Gy in 10 fractions. Both 
regimens were equivalent with respect to pain control at 3 months, though 
the 8-Gy arm had a higher rate of re-treatment. While this study did not 
address metastatic disease in the spine specifically, patients with spinal 
metastases were included." Dose escalation using these conventional beam 
arrangements was not possible due to potential toxicity to spinal cord and 
other critical structures. 


Stereotactic Spinal Radiosurgery 


Stereotactic spinal radiosurgery (SSRS) is a form of stereotactic body radio- 
therapy (SBRT) by which advanced treatment delivery techniques (eg, 
intensity-modulated radiotherapy) are combined with image guidance and 
rigid immobilization to deliver a high dose of conformal radiation to the target 
while minimizing dose to nearby critical structures such as the spinal cord. This 
is in contrast to conventional radiotherapy, which uses less conformal tech- 
niques and often without image guidance. Given the nonconformity of con- 
ventional treatment, the ability to deliver high doses of radiation is severely 
limited by the dose tolerance of the spinal cord. Patients who have spine 
metastases from radioresistant tumors such as RCC have poorer response 
to radiation treatment, shorter duration of response, and poorer survival, 
as compared with those with more responsive tumors (eg, breast cancer). 
In the 1990s, investigators started applying the stereotactic principles used 
in treating intracranial metastases to treating spinal metastases. Rigid immobi- 
lization is a hallmark of stereotactic radiosurgical techniques, and, historically, 
treatment of intracranial metastases used a head frame that was fixed to the 
patient's skull with pins. For SSRS, image-guided, noninvasive methods were 
developed.'?"? Using rigid immobilization in the form of vacuum-locked bags 
and image guidance, treatment delivery accuracy is on the order of 1 mm. 1??? 
In a report by Gerszten et al., 115 patients received SSRS to 123 lesions 
with a median follow-up of 18 months. Of those presenting with pain, 74 
of 79 (94%) patients experienced a reduction in pain after treatment?! In 


another report of 31 patients, rapid and significant pain relief was achieved 
after SSRS in 32 of 34 treated tumors.? In a phase 1/2 prospective report 
from the MD Anderson Cancer Center (MDACC), 63 patients underwent 
SSRS for spinal metastases. The actuarial 1-year tumor progression-free inci- 
dence was 84%. No late grade 3 or 4 toxicities were noted, with a median 
follow-up of 21.3 months. Complete pain relief was noted in 54% of patients 
at 6 months following SSRS treatment.” This compares favorably with con- 
ventional radiotherapy for bone metastases, which provides 076-2076 com- 
plete pain relief with the use of the brief pain inventory.!/?* 

A summary of the literature on the use of SSRS to treat RCC spine metas- 
tases is presented in Table 14.1. No grade 3 or grade 4 toxicities were noted in 
these studies. Gerszten et al. published a retrospective report on 48 patients 
with 60 RCC metastases to the spine treated with single-fraction SSRS and 
followed for a median of 37 months.? Pain improved in 34 of 38 patients 
(89%) who presented with pain, and radiographic control was noted in 7 of 
8 patients treated primarily for radiographic progression. Nguyen et al. per- 
formed a retrospective study of 48 patients with 55 spinal metastases from 
RCC treated with SSRS.?6 The median follow-up was 13.1 months. The actu- 
arial 1-year spine tumor PFS was 82.126. Balagamwala et al. published a retro- 
spective study of treated spinal metastases from RCC with SSRS.” Fifty-seven 
patients with 88 metastases were evaluated. The proportion of patients 
presenting with pain and achieving a complete pain response increased from 
15.4% at 2 weeks post-SSRS to 66.7% by 9 months post-SSRS. 

SSRS can also be used in patients who previously received conventional 
radiotherapy with subsequent progression. For these patients, repeat con- 
ventional radiation carries a significant risk for toxicity. Sahgal et al. reported 
on 37 patients previously irradiated who underwent subsequent SSRS for sal- 
vage.? Median OS was 21 months. The 1-year progression-free probability in 
tumors previously irradiated was 9676. Again, no radiation-induced myelopa- 
thy or radiculopathy was noted. Mahadevan et al. published their institutional 
experience in treating 60 patients in the re-irradiation setting.? With median 
OS of 11 months and PFS of 9 months, only 7% of patients showed disease 
progression at the treated site following SSRS. Garg et al. performed a pro- 
spective trial enrolling 59 patients with 63 tumors of the spine re-irradiated 
with SSRS.3? With a mean follow-up of 17.6 months, the actuarial 1-year local 
control rate was 7676 and the freedom from neurologic progression was 9276. 
Thirteen of the 16 tumors that progressed were within 5 mm of the spinal 
cord and were likely due to underdosing. Two patients had grade 3 neurologic 
toxicity. There was no grade 4 toxicity. 

Another indication for SSRS is in the post-operative setting. Local recur- 
rence following surgery with or without adjuvant radiation is common in 
long-term survivors, with actuarial rates as high as 5876 at 6 months, 6976 at 
1 year, and 94% at 4 years?! In the post-operative patient, SSRS may be used 
to sterilize the operative bed.** Dedicated publications on the post-operative 
use of SSRS are sparse, but several retrospective reports are available. 
Crude local control rates range from 81% to 94%;?3- in one study, pain was 
improved in 24 of the 26 patients.?* In a recent report from the Memorial 
Sloan Kettering Cancer Center, 186 patients with epidural cord compression 
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underwent surgery followed by 5585. In those receiving high-dose SSRS, 
local failure rates were less than 1076 at 1 year. 

SSRS may be delivered using a variety of treatment machines and treat- 
ment algorithms based on the treating institution. Various immobilization 
devices, image-guidance techniques, and treatment delivery techniques may 
be used. At MDACC, patients typically receive one to three fractions of 
treatment with a dose between 18 Gy and 27 Gy to the gross disease and 
between 16 Gy and 21 Gy to areas at risk (eg, contiguous bone marrow) .2”8 
The patient is immobilized in a BodyFix bag (by Elekta, Stockholm, Sweden) 
with a vacuum-sealed plastic covering for lower thoracic, lumbar, and sacral 
lesions. A large thermoplastic mask is sometimes used for cervical and upper 
thoracic lesions. Linac-based intensity-modulated radiotherapy techniques 
are used. On the day of treatment, the patient is positioned in the immobiliza- 
tion device; positioning is verified using kV dual X-rays (Exactrac by BrainLab, 
Feldkirchen, Germany; Westchester, Illinois, USA). Positioning is further veri- 
fied using a cone beam computed tomography scan. A final check with port 
films and a second set of Exactrac images is then performed prior to treat- 
ment. Typically, nine treatment fields are used and positioning is reverified 
prior to each treatment field with Exactrac imaging. 

Dose constraints on the spinal cord take precedence when performing 
dosimetric planning. As such, radiation myelopathy is a rare entity, and 
dose constraints that correspond to a 176—576 risk of spinal cord toxicity 
have been published.?? Although late neurotoxicity is exceedingly rare with 
SSRS, VCF has been noted to occur in 10%-39% of patients who receive 
555.402 Risk factors for VCF include age >55 years, a preexisting frac- 
ture, osteolytic process, baseline pain, and high dose per fraction.^942.? 
One mechanism proposed for VCF is osteoradionecrosis, where healthy 
vertebral bone and tumor tissue are replaced by weak friable necrotic 
tissue." Management of VCF ranges from percutaneous cement augmen- 
tation to open spinal reconstructive surgery, depending on individual clini- 
cal circumstances. 


Stereotactic Body Radiotherapy 


Stereotactic radiosurgery has also been used in the treatment of bone 
metastases outside of the spine and soft tissue metastases (eg, lung, liver). 
As with SSRS, SBRT requires patient immobilization and image guidance 
to deliver conformal doses of radiation to the target. The treatment is 
often given using a linear accelerator, although more specialized machines 
for stereotactic radiosurgery can be used (eg, the Cyberknife by Accuray, 
Sunnyvale, CA, USA). 

Doses that have been used vary widely, ranging from 45 Gy X 10 treat- 
ments to 20 Gy X 3 treatments. Several studies that looked at the use of 
SBRT in RCC are summarized in Table 14.2. As can be seen, all of these stud- 
ies have shown high local control at the site of metastatic disease, with very 
few side effects. However, additional studies are required to determine which 
patients will benefit the most from such treatments. 
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Table 14.2 Stereotactic Body Radiotherapy and Renal Cell 


Carcinoma 


Ranck et al. 


Zelefsky et al. 


Rusthaven et al. 


Patients 18 38 

Lesions 39 105 63 

Sites of Bone (11) Bone (104) Lung (63) 

treatment Lung (7) Lymph node (1) (RCC in 18.4%) 
Liver (2) (RCC in 100%) 
(RCC in 100%) 

Dose/fx 24-48 Gy/3 ког 18-24 Gy/1 fx or 4860 Gy/3 fx 
42-50 Gy/10-14 fx 20-30 Gy/3-5 fx 

Radiographic 91.4% at 2 years 44% at 3 years 96% at 2 years 

local control (88% for 24 Gy/1 fx) 

Overall 85% at 2 years 39% at 2 years 

survival 

Toxicity 15.3% grade 2 5.7% grade 2 (2 for 7.9% grade 3 
0% grade 3 or dermatitis, 4 rib 0% grade or higher 


fracture) 


1.0% grade 4 
(dermatitis) 


higher 


RCC, renal cell carcinoma. 


Conclusions 


Radiation therapy plays a major role in the treatment of bone metastases 
in patients with RCC. Although conventional radiation therapy remains the 
mainstay of treatment, stereotactic radiosurgery is playing an ever-increasing 
role in the palliative treatment of these patients due to an increasing body of 
literature that shows both increased efficacy and safety. However, radiosur- 
gery does require additional professional and technical expertise compared 
with conventional radiation therapy; extra care should be taken when patients 
are considered for treatment with radiosurgery. 
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Chapter 15 


Supportive Care in Advanced 
Renal Cell Carcinoma 


Sriram Yennurajalingam 


Introduction 


In 2014, the expected number of new cases and deaths from renal cell car- 
cinoma (RCC) іп the United States will be 63,920 and 13,860, respectively.’ 
Improving health-related quality of life (QoL) is an important aspect in the 
management of RCC because 4076-5076 of RCC patients will ultimately 
develop metastatic disease.! Despite advances in treatments such as the use 
of targeted therapy, many RCC patients suffer from significant physical and 
psychological symptoms.?-* These symptoms impact the QoL of patients and 
their families. In a recent cross-sectional study of patients with RCC, Harding 
et al. found that the five most frequent symptoms among patients with local- 
ized RCC were irritability (79%), pain (71%), fatigue (71%), worry (71%), and 
sleep disturbance (64%).* Among patients with metastatic disease, the five 
most frequent symptoms were fatigue (82%), weakness (65%), worry (65%), 
shortness of breath (53%), and irritability (53%). Various systemic therapies, 
such as tyrosine kinase inhibitors (TKls) and antibodies targeting the vascular 
endothelial growth factor (VEGF) pathway and mammalian target of rapamy- 
cin (mTOR) inhibitors, are associated with a higher frequency of symptoms 
such as pain (eg, stomatitis and hand-foot skin reaction), fatigue, diarrhea, 
dyspnea, and decreased appetite.? As a result, all patients with RCC need 
optimal management of their physical and psychosocial symptoms concur- 
rent with disease-specific treatments throughout the trajectory of their 
illness. In this chapter, we discuss the assessment and management of the 
following key symptoms associated with RCC: pain, cancer-related fatigue 
(CRF), anorexia—cachexia syndrome (ACS), dyspnea, and depression. 


Pain 


Pain is a complex multidimensional experience in patients with RCC and 
often has a multifactorial etiology. Pain can arise secondary to direct effects 
of the tumor at one or multiple metastatic sites or it can be related to 
cancer treatment. Pain intensity is intrinsically linked to the patient’s psycho- 
social and cultural response to pain, history of addiction, and any underlying 
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cerebral dysfunctions such as delirium.? Unrelieved cancer pain impairs 
mood and interferes with the patient's ability to function and his or her 
social life. 

The management of cancer pain involves routine screening with the use 
of simple instruments such as the Edmonton symptom assessment scale 
to evaluate the intensity of pain and its related symptoms such as fatigue, 
nausea, anxiety, depression, and drowsiness.°® Patients who self-report 
pain should be investigated for the location, severity, chronicity, and nature 
(neuropathic, nociceptive, or mixed type) of the pain as well as aggravat- 
ing and relieving factors.’ The patient's medication list should include any 
history of drug abuse and his or her response to previous analgesic treat- 
ments. A focused medical history, physical examination, and review of perti- 
nent imaging and laboratory test results should be conducted. Management 
should then be individualized on the basis of the goals and expectations of 
the patient and caregivers. 

The World Health Organization (WHO) method for providing can- 
cer pain relief, that is, the three-step analgesic ladder арргоасћ,> +19 
advocates the use of nonopioid analgesics such as acetaminophen and 
nonsteroidal antiinflammatory drugs (if not contraindicated) for mild 
pain (first step). If the pain is more severe or not controlled at the first 
step, escalation to codeine or hydrocodone (second step) or morphine 
or other strong opioids such as hydromorphone, fentanyl, or oxycodone 
(third step) should be considered. In addition to stepwise escalation of 
analgesic strength, the WHO ladder approach includes the principles of 
"by mouth" (oral administration is preferred over parenteral routes), "by 
clock" (around-the-clock dosing is used to prevent pain), "for the indi- 
vidual" (treatment plans should be individually tailored), and "attention to 
detail" (all possible sources of pain and adverse treatment effects should 
be assessed). 

Opioids are the mainstay of cancer pain treatment because a majority of 
cancer patients have moderate to severe pain. The optimal management 
of pain using opioids requires periodic reassessment of the pain and its 
related symptoms in order to determine treatment response and medica- 
tion side effects. Table 15.1 shows the most commonly prescribed opioids 
for cancer pain management and their uses, starting dosages, and possible 
adverse effects. 

The most common side effects of opioids are constipation, nausea, and 
drowsiness. However, opioid-induced neurotoxic side effects such as myoc- 
lonus, hallucinations, and delirium are also seen. The side effects are more 
common in patients with dehydration, infection, renal insufficiency, and liver 
disease. Therefore, patients with these comorbidities should be closely 
monitored. 

Nonpharmacological approaches such as physical therapy, acupuncture, 
and counseling or a combined approach can address the multifactorial nature 
of cancer pain better than the use of analgesics alone. Therefore, for optimal 
management, a comprehensive assessment and multimodal strategies should 
always be considered. 


Table 15.1 Commonly Prescribed Medications for Management 


of Cancer-related Symptoms 


б 
Е 
о 
= 
о 
Drug Selected Initial Dose Adverse Effects = 
Supportive Care ~ 
Indications = 
Нудгосодопе Cancer pain 5 mg (in Nausea, constipation, g 
combination drowsiness, itching, S 
with 325 mg with urinary retention, 19 
acetaminophen) cognitive impairment, - 
every hour orally allergic reactions, 9 
myoclonus, Е 
hallucination, 5 
hyperalgesia, allodynia, E 
and liver and renal a 
toxicities due to m 
acetaminophen E 
Tramadol Cancer pain 50 mg ausea, constipation, E: 
Morphine sulfate Cancer pain and 15 mg every drowsiness, itching, ~ 
dyspnea notre urinary retention, 
(immediate cognitive impairment, 
release) orally allergic reactions, 
: myoclonus, 
Hydromorphone Cancer pain and 1-2 mg every пе Терек ет, 
eyepiece 4 hours! hyperalgesia, and 
(immediate allodynia 
release) orally 
Oxycodone Cancer pain and 5 mg every 
dyspnea 4 hours 
(immediate 
release) orally 
Fentanyl Cancer pain and 12 ug/hour 
dyspnea transdermally 
Methadone Cancer pain and 2.5-5 mg/day 
dyspnea orally 
Dexamethasone Cancer-related Dexamethasone, Infection, oral thrush, 
fatigue 8 mg/day for2 insomnia, mood 


weeks orally 


swings, myalgia, and 
elevation of blood 
glucose 


Prolonged use 
(more than 

1 month): gastritis 
(especially with 
concurrent use 

of nonsteroidal 
antiinflammatory 
drugs), hiccups, 
edema, muscle 
weakness, easy 
bruising, dizziness, 
hirsutism, and 
decreased wound 
healing 


(Continued) 
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Table 15.1 (Continued) 


Drug 


Selected 
Supportive Care 
Indications 


Initial Dose 


Adverse Effects 


Methylphenidate 


Cancer-related 
fatigue 


5 mg/day orally 


Loss of appetite, 
slurred speech, 
abnormal behavior, 
restlessness, 
Hypertension, 
tachyarrhythmias, 
thrombocytopenia, 
and hallucinations 


Modafinil 


Cancer-related 
fatigue 


200 mg/day 
orally 


Diarrhea, nausea, 
dizziness, headache, 
insomnia, agitation, 
anxiety, nervousness, 
and rhinitis 

Serious adverse 
effects include 
cardiac dysrhythmia, 
hypertension, and 
infectious disease 


Megestrol 
acetate 


Treatment of 
cachexia 


480—800 mg/day 
orally 


Hypertension, 
sweating, hot flashes, 
weight gain, dyspepsia, 
nausea, vomiting, 
insomnia, mood 
swings, and impotence 
Serious adverse 
effects include 
thrombophlebitis, 
adrenal insufficiency, 
and pulmonary 
embolism 


Tricyclic 


antidepressants 


Amitriptyline 


Depression, 
neuropathic pain 


10-25 mg/day 


Constipation, 
hypotension, 
cardiac dysrhythmia, 
hepatotoxicity, and 


ОВ Сиа suicidal thoughts 
Selective Depression, panic Nausea, diarrhea, 
serotonin disorder, headache, insomnia, 
reuptake and obsessive- anxiety, anorexia, 
inhibitors compulsive disorder dizziness, tremor, 

* Citalopram 20 mg/day sweating, and sexual 
* Escitolopram 10-20 mg/day dysfunction 

* Fluoxetine 20 mg/day 

* Paroxetine 20 mg/day 

* Sertraline 50 mg/day 
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Drug Selected Initial Dose Adverse Effects 
Supportive Care 
Indications 
Serotonin— Depression and Nausea, dry mouth, 
norepinephrine neuropathic pain dizziness, excessive 
reuptake sweating, tiredness, 
inhibitors difficulty urinating, 
• Duloxetine 30 mg/day agitation or anxiety, 
• Venlafaxine 37.5 mg/day copsupaten 


insomnia, sexual 


• Milnacipran 25-50 mg twice problems, headache, 
a day loss of appetite 
e Mirtazapine 15 mg/day 


Cancer-related Fatigue 


CRF is the most common and chronic multidimensional symptom in patients 
with cancer. The National Comprehensive Cancer Network defines CRF as “a 
distressing, persistent, subjective sense of physical, emotional, and/or cognitive 
tiredness or exhaustion related to cancer or cancer treatment that is not pro- 
portional to recent activity and that interferes with usual functioning.”1! Various 
treatments for RCC such as interleukin 2, interferon alpha, and medications that 
target mTOR, VEGF, or tyrosine kinase receptor result in significantly worse 
CRF than that associated with the disease itself.?^7 The exact cause of CRF is 
not known; however, anemia, electrolyte abnormalities such as hypercalcemia 
and hyponatremia, infections, endocrine abnormalities such as hypothyroidism 
and hypogonadism, dysregulation of cytokine production, and hypothalamic— 
pituitary-adrenergic (HPA) axis dysfunction have been associated with СКЕ! 2 
As in the management of cancer-related pain, screening for CRF using the 
Edmonton symptom assessment scale should be performed in order to both diag- 
nose and evaluate the intensity, causes, and dimensions of СКЕ Investigations 
should be individualized on the basis of the patient's history and physical exami- 
nation to confirm the initial diagnosis. Fatigue management should be interdisci- 
plinary and multimodal. Prior studies suggest that physical activity and cognitive 
behavioral therapy can alleviate CRF." Preliminary studies suggest that among the 
available pharmacological agents, psychostimulants such as methylphenidate and 
modáfinil may be useful (see Table 15.1). A short course of steroids such as dexa- 
methasone has been suggested for patients with advanced cancer and CRF." 


Anorexia-Cachexia Syndrome 


ACS is a complex syndrome characterized by muscle wasting, loss of body fat, 
and poor appetite. As with CRF, the exact mechanism of ACS is unknown; 
however, recent studies point to a proinflammatory state that causes muscle 
wasting. Abnormalities in neurohormonal function such as elevated cortisol, 
ghrelin and insulin resistance, low serum testosterone, and sympathetic ner- 
vous system activation have been associated with ACS."3"4 Clinical assess- 
ment is by routine screening for patients with a history of involuntary weight 
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loss of >5% of their total body weight within the past 6 months."? Factors 
that contribute to ACS include cancer-related symptoms such as mucositis 
pain, xerostomia, nausea, dysphagia, depression, and constipation. Other 
pertinent investigations may include assessing liver function and the levels of 
serum electrolytes, creatinine, glucose, calcium, testosterone, vitamin B12, 
vitamin D, thyroid-stimulating hormone, and C-reactive protein. Assessment 
of metabolism using indirect calorimetry and resting energy expenditure 
studies helps to detect and treat hypermetabolic states. 

Management of ACS includes nutritional counseling, which may include the 
use of frequent, small, calorie-dense meals. The use of parenteral nutrition 
is considered only when starvation is a major component, the tumor is slow 
growing, and the patient is expected to survive at least 6 weeks. Effective 
management also includes treatment of conditions associated with ACS and 
pharmacological management using thalidomide, which was useful in prelimi- 
nary studies, or steroids such as megestrol acetate and dexamethasone (see 
Table 15.1), which improve appetite but offer no improvement in muscle 
mass. Preliminary evidence shows additional benefits from melatonin, non- 
steroidal antiinflammatory drugs, ghrelin, and ghrelin mimetics. Preliminary 
evidence also points to the use of exercise (resistance training) for sarcopenia 
and the benefit of family counseling.!^!6 


Dyspnea 


Dyspnea is defined as "a subjective experience of breathing discomfort that 
consists of qualitatively distinct sensations that vary in intensity. The experience 
derives from interaction among multiple physiologic, psychological, social, and 
environmental factors and may induce secondary physiologic and behavioral 
responses."'7 The frequency of dyspnea varies with the stage of RCC and is 
seen in approximately 5676 of patients with metastatic disease. Dyspnea is 
debilitating and can significantly impact QoL. Its etiology is multifactorial and 
usually based on the underlying disease and acuity of onset. The acute causes 
of dyspnea may include pulmonary embolism, pneumothorax, aspiration, or 
anxiety. Subacute causes are pneumonia, pleural effusion, pericardial effusion, 
superior vena cava obstruction, anemia, and radiation-induced pneumonitis. 
Chronic causes include radiation-induced fibrosis, chemotherapy-induced 
pulmonary fibrosis, renal failure, and cardiomyopathy. 

The assessment of dyspnea should routinely include screening for severity 
using a visual analogue scale or numerical rating scale such as the Edmonton 
symptom assessment scale. Further assessment in patients with moderate to 
severe dyspnea may include investigations of onset, duration, pattern (inci- 
dental or continuous), and associated symptoms such as anxiety, depression, 
cough, chest pain, wheezing, chest tightness, hemoptysis, and weight loss/ 
gain. Physical examinations (such as those measuring heart rate, respiratory 
rate, oxygen saturation at rest and after a 6-minute walk, jugular venous pres- 
sure, and breath sounds) and laboratory tests (including complete blood 
count, chest x-ray, pulmonary function tests, and echocardiography) should 
be guided by the patient's history." 


Various medications benefit patients with significant дузрпеа. Opioids are 
commonly used in the management of dyspnea (see Table 15.1), and sev- 
eral studies suggest improvement of dyspnea with opioids (oral or systemic 
routes). Other medications in appropriate settings may include bronchodila- 
tors, corticosteroids, diuretics, antibiotics, and anticoagulants. 

Nonpharmacological measures such as oxygen therapy in patients with 
hypoxemia and noninvasive ventilation should be considered in select situ- 
ations. In advanced cancer patients, if short trials of these measures do not 
improve dyspnea, they should be discontinued. Other helpful nonpharma- 
cological measures include the use of a hand fan with cool air blowing onto 
the face, chest wall percussive vibration, mechanical devices, and pulmonary 
rehabilitation. In all patients, relaxation techniques, psychosocial support, and 
activity modification can be beneficial. 

Surgical interventions for dyspnea may include thoracentesis (for pleural 
effusion) or the placement of a chest tube (for pneumothorax) or metallic 
stents (for airway obstruction). 


Depression 


Depression is defined as a persistent low mood, or anhedonia, that lasts 
for 2 weeks or longer and is accompanied by at least four of the following 
symptoms: sleep disruption, changes in weight or appetite, psychomotor 
retardation or agitation, fatigue or loss of energy, feelings of worthlessness 
or excessive guilt, diminished ability to think or concentrate, and recurrent 
thoughts of death or suicidal ideation. Depression may contribute to pro- 
gression of RCC via multifactorial mechanisms. Recent evidence points to 
the central role of dysregulation of proinflammatory cytokines and the HPA 
axis.'? In patients with RCC, depression may be a result of the disease and/ 
or a treatment-related side effect (eg, in the case of interferon therapy). 
Depression is diagnosed using a single-item evaluation such as, "Are you 
depressed most of the time?" or using other reliable tools such as the Centers 
for Epidemiologic Studies-Depression or hospital anxiety depression scale. 
The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders 
further subclassifies patients with severe forms of depression as having major 
depressive or bipolar disorders. Patients with advanced cancer usually have 
milder forms of depression such as adjustment disorder with depressed 
mood, dysthymia, and recurrent brief depression. 

Depressed mood occurs frequently in patients with cancer, and periods 
of sadness are expected when dealing with cancer and treatment. However, 
if the depressed mood persists and causes pervasive interference with daily 
function or accompanies other symptoms of major depression, treatment 
should be considered. Management should include psychotherapy and anti- 
depressant medication (see Table 15.1). Pharmacological management is 
determined by the patient's prognosis, drug interactions, and medication side 
effects. Selective serotonin reuptake inhibitors, serotonin-norepinephrine 
reuptake inhibitors, and psychostimulants are used most frequently because 
of their tolerable side-effect profiles. The combination of antidepressants 
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with psychotherapy has been found to be more effective than either treat- 
ment alone. Supportive psychotherapy that allows patients to express wor- 
ries, fears, and concerns as well as validation of and support for the patient 
can also be helpful. Other types of recommended psychotherapy include cog- 
nitive behavioral, family, interpersonal, and mindfulness-based (ћегаріеѕ.202' 


Summary 


Patients with RCC suffer from various physical and psychological symptoms 
including pain, fatigue, ACS, dyspnea, and depression due to the disease and 
its treatments. These adversely affect a patient's QoL. An interdisciplinary 
approach that includes various supportive care strategies should be used con- 
currently with cancer-specific therapy to provide quality cancer care. 


References 


1. American Cancer Society: Cancer Facts and Figures 2014. Atlanta, 
Ga: American Cancer Society, 2014. http:/ /www.cancer.org/acs/groups/ 
content/@research/documents/webcontent/acspc-042151.pdf Last 
accessed, May 12, 2014.2. 


2. Turner JS, Cheung EM, George J, Quinn DI. Pain management, sup- 
portive and palliative care in patients with renal cell carcinoma. BJU Intl. 
2007;99(55):1305—1312. 


3. Lambea J, Hinojo C, Lainez N, Lázaro M, León L, Rodríguez A, et al. Quality 
of life and supportive care for patients with metastatic renal cell carcinoma. 
Cancer Metastasis Rev. 2012;31(1):33—39. 


4. Harding G, et al. Symptom burden among patients with renal cell carcinoma 
(RCC): content for a symptom index. Health Qual Life Outcomes. 2007;5(1):34. 


5. Hui D, Bruera E: A Personalized Approach to Assessing and Managing Pain in 
Patients With Cancer. Journal of Clinical Oncology, 2014 

6. Cella D. Beyond traditional outcomes: improving quality of life in patients with 
renal cell carcinoma. Oncologist. 2011;16 (suppl 2):23-31. 

7. Méndez-Vidal MJ, Martínez Ortega E, Montesa Pino A, Pérez Valderrama B, 
Viciana R. Management of adverse events of targeted therapies in normal and 
special patients with metastatic renal cell carcinoma. Cancer Metastasis Rev. 
2012;31(1):19-27. 

8. Bruera E, Kuehn N, Miller MJ, Selmser P, Macmillan K. The Edmonton 
Symptom Assessment System (ESAS): a simple method for the assessment of 
palliative care patients. J Palliat Care. 1991;7 (2):6. 

9. Bruera E, Kim HN. Cancer pain. ЈАМА. 2003;290:2476–2479. 


10. WHO. Cancer Pain Relief and Palliative Care: Report of a WHO Expert 
Committee Geneva, Switzerland: World Health Organization; 1990. 


11. Berger AM, Abernethy AP, Atkinson A, Barsevick AM, Breitbart WS, Cella D, 
et al. Cancer-related fatigue. | Nat! Compr Canc Netw. 2010;8(8):904—931. 

12. Yennurajalingam S, Bruera E. Palliative management of fatigue at the close of 
life. JAMA. 2007;297(3):295—304. 

13. Fearon K, Strasser F, Anker SD, Bosaeus |, Bruera E, Fainsinger RL, et al. 


Definition and classification of cancer cachexia: an international consensus. 
Lancet Oncol., 2011;12(5):489—495. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


Tisdale MJ. Molecular pathways leading to cancer cachexia. Physiology. 
2005;20(5):340-348. 

Blum D, Omlin A, Baracos VE, Solheim TS, Tan BH, Stone P, et al. Cancer 
cachexia: A systematic literature review of items and domains associated with 
involuntary weight loss in cancer. Crit Rev Oncol Hematol. 2011;80(1):114—144. 


Yavuzsen T, Davis MP, Walsh D, LeGrand S, Lagman R, et al. Systematic review 
of the treatment of cancer-associated anorexia and weight loss. | Clin Oncol. 
2005;23(33):8500—8511. 


American Thoracic Society. Dyspnea: mechanisms, assessment, and manage- 
ment: a consensus statement. Am / Respir Crit Care Med. 2001;163:951—957. 
Viola R, Kiteley C, Lloyd NS, Mackay JA, Wilson J, Wong RKS. The manage- 
ment of dyspnea in cancer patients: a systematic review. Support Care Cancer. 
2008;16:329—337. 

Miller AH, Ancoli-Israel S, Bower JE, Capuron L, Irwin MR., et al. 
Neuroendocrine-immune mechanisms of behavioral comorbidities in patients 
with cancer. J Clin Oncol. 2008;26(6):971—982. 

Wilson KG, Chochinov HM, Skirko MG, Allard P, Chary S, Gagnon PR, 
Macmillan K, et al. Depression and anxiety disorders in palliative cancer care. | 
Pain Symptom Manage. 2007;33(2):118-129. 

Cipriani A, Furukawa TA, Salanti G, Geddes JR, Higgins JP, Churchill R, et al. 
Comparative efficacy and acceptability of 12 new-generation antidepres- 
sants: А multiple-treatments meta-analysis. Lancet. 2009;373:746–758. 


CHAPTER 15 Advanced Renal Cell Carcinoma 


163 


164 


Chapter 16 


Integrative Medicine in the 
Management of Renal Cell 
Carcinoma 


Alejandro Chaoul, Gabriel Lopez, Richard Lee, M. Kay 
Garcia, and Lorenzo Cohen 


Introduction 


Complementary and alternative medicine (CAM) approaches of care have 
gained increasing acceptance among those practicing conventional Western 
medicine. With an increasing number of CAM offerings, patients are in need 
of guidance as to how to navigate the available information in order to make 
informed decisions about their use. Developing an integrative care plan 
requires a thoughtful, evidence-based, and safe approach to including noncon- 
ventional CAM therapies with conventional disease-directed therapeutics. An 
integrative approach provides patients, from diagnosis through survivorship, 
with a comprehensive system of care to help meet their needs. The major- 
ity of cancer patients are either using complementary medicines or want to 
know more about them, so it is incumbent on those within the conventional 
medical system to provide appropriate education and evidenced-based clini- 
cal services. The clinical model for integrative care requires a patient-centered 
approach with attention to patient concerns and enhanced communication 
skills. In addition, it is essential that conventional and nonconventional practi- 
tioners work together to develop a comprehensive, integrative care plan that 
will deliver the best medical care by using all appropriate treatment modalities 
in a safe manner to achieve optimal clinical outcomes. 


Definitions: Alternative, Complementary, 
Integrative 


The US National Center for Complementary and Alternative Medicine 
(NCCAM) defines CAM as "a group of diverse medical and healthcare sys- 
tems, practices, and products that are not normally considered to be part of 
conventional medicine." NCCAM recently reclassified CAM therapies into 
three broad categories: natural products, mind and body medicine, and other 
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complementary medicine practices that are approaches that do not fit neatly 
into either of the other two categories (Table 16.1). 

It is important to recognize the distinction between alternative, comple- 
mentary, and integrative medicine.? Alternative medicine is the use of a non- 
conventional modality for which there is no scientific evidence of efficacy in 
place of conventional medicine. Complementary medicine is an approach 
that combines conventional treatment with CAM or nonconventional 


Table 16.1 Complementary Health Approaches 


Complementary and Examples 
Alternative Medicine 
Subcategories 


Natural products Dietary supplements 
* Herbal medicines (botanicals) 
* Vitamins 
* Minerals 
* Probiotics 


Mind and body practices, | Meditation 
includes the former Yoga 
categories of manipulative 
and body-based practices 
and energy therapies 


Qi gong 

Tai chi 

Relaxation techniques 
* Breathing exercises 
* Guided imagery 

* Progressive muscle relaxation 
Hypnotherapy 
Energy therapies 

* Healing touch 

* Reiki 

* Magnet therapy 
Acupuncture 
Massage therapy 
Spinal manipulation 

* Chiropractic 

* Osteopathic 

* Physical therapy 
Movement therapies 
* Feldenkrais 

* Pilates 


* Alexander technique 


Other complementary Whole medical systems 
health approaches * Traditional healers 


* Ayurvedic medicine 


* Traditional Chinese medicine 
* Homeopathy 
* Naturopathy 


http://nccam.nih.gov/health/whatiscam. Accessed May 11, 2014. 


therapies for which there may or may not exist scientific evidence of safety 
and effectiveness. Integrative medicine seeks to merge conventional medicine 
and complementary therapies in a manner that is comprehensive, personal- 
ized, evidence based, and safe in order to achieve optimal health and healing. 


Complementary and Alternative Medicine 
and Symptom Management 


Routine assessment for interest in and prior use of CAM is critical to the 
ongoing саге of patients and for ensuring the highest quality of care? A col- 
laborative approach that involves the patient's oncology team and colleagues 
in integrative medicine, palliative care, pain management, psychiatry, and 
rehabilitation can more effectively meet patient needs. For those seeking 
integrative medicine approaches for the management of their symptoms, 
this assessment is critical. CAM approaches can be incorporated into the 
healthcare plan from diagnosis, through active treatment, survivorship, and 
end-of-life care. A personalized symptom management strategy that uses an 
evidence-based application of conventional and nonconventional therapies 
can help to improve quality of life (QoL) and optimize treatment outcomes. 


Communicating about Complementary 
and Alternative Medicine 


Research indicates that neither adult nor pediatric cancer patients receive suf- 
ficient information or discuss CAM therapies with physicians, pharmacists, 
nurses, or CAM practitioners.* Using a receptive, nonjudgmental approach 
when asking patients about CAM use is an important first step to develop- 
ing an integrative care plan. Most patients do not bring up the topic of CAM 
because no one asks; thus, patients may believe it is unimportant. It is estimated 
that 38%—60% of patients with cancer used complementary approaches with- 
out informing their healthcare team.> This lack of discussion is of concern 
because biologically based therapies (such as herbs) may interact with cancer 
treatments. Patients are commonly unaware of differences between the US 
Food and Drug Administration (FDA) approval process for medications and 
the limited extent of regulation for dietary supplements under the Dietary 
Supplement Health and Education Act of 1994.$ Supplements under this leg- 
islation are exempt from the same scrutiny the FDA imposes on medications; 
these supplements are not intended to treat, prevent, or cure diseases and 
should be labeled with this statement. 

The common belief by patients that "natural" means safe needs to be 
addressed with education. Some herbs and supplements have been associ- 
ated with drug interactions," increased cancer risk,? and organ toxicity.? 
Existing research suggests that the majority of cancer patients desire com- 
munication with their doctors about CAM." If the issue of CAM arises, 
clinicians need to develop an empathic communication strategy.!! The 
strategy needs to balance clinical objectivity and creation of a therapeutic 
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Table 16.2 Recommended Web Sites for 


Evidence-based Resources 


Organization/Web Site Address/URL 


American Cancer Society www.cancer.org/treatment/ 
treatmentsandsideeffects/ 
complementaryandalternativemedicine/ 
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index 
Cochrane Review Organization www.cochrane.org 
Memorial Sloan-Kettering Cancer www.mskcc.org/aboutherbs 
Center Integrative Medicine Service 
National Center for Complementary nccam.nih.gov 
and Alternative Medicine 
Natural Medicines Comprehensive www.naturaldatabase.com 
Database 
Natural Standard www.naturalstandard.com 
National Cancer Institute Office www.cancer.gov/cam 
of Cancer Complementary and 
Alternative Medicine 
University of Texas M. D. Anderson mdanderson.org/Integrativemed 
Cancer Center Integrative Medicine 
Program 


alliance. Patients need reliable information on CAM from reliable resources, 
with adequate time to discuss this information with their oncologists 
(Table 16.2). 


Complementary and Alternative 
Medicine Modalities 


Natural products; mind and body approaches including meditation, yoga, 
massage, acupuncture; and music therapy are nonconventional therapies that 
are commonly used in a variety of healthcare settings. See Table 16.2. 


Natural Products 


Natural products include a variety of substances such as herbs, vitamins, min- 
erals, probiotics, and extracts. Biologically based CAM therapies such as natu- 
ral products have the potential to cause harm. There is also great interest in 
investigating how these substances can be used safely along with conventional 
treatments to improve outcomes. Issues to consider when discussing natural 
products include quality control, metabolic interactions, treatment interac- 
tions, organ toxicity, and cancer growth.'2? 


Mind and Body Therapies 

There are a number of reasons why it is important for cancer patients to man- 
age stress, not the least of which is to help improve QoL. In addition, there is 
emerging research that shows that depression, independent of disease sever- 
ity, is associated with increased mortality.'* A recent study of patients with 
stage IV renal cell carcinoma (RCC) found that depressive symptoms were 


associated with decreased survival and this was partially mediated through 
inflammatory signaling.^ 

There are a number of ways to help address stress in cancer patients. 
Mind and body therapies include practices such as relaxation, yoga, medita- 
tion, tai chi, qi gong, hypnosis, imagery, biofeedback, cognitive-behavioral 
therapies, group support, and spirituality. Other mind—body approaches 
include expressive arts therapies (eg, art, music, or dance), body manipula- 
tion practices (eg, massage and acupuncture), and energy medicine (eg, Reiki 
and healing touch therapies). 

Ernst et al. examined changes in the state of the evidence for mind-body 
therapies for various medical conditions between 2000 and 2005. They 
found that over that period, maximal evidence had appeared for the use of 
relaxation techniques for anxiety, hypertension, insomnia, and nausea due to 
сћетогћегару.!% 

Research examining yoga, tai chi, and meditation incorporated into can- 
cer care suggests that these practices help improve QoL through improved 
mood, sleep quality, physical functioning, and overall well-being." Mind-body 
practitioners who are experienced working with cancer patients can provide 
guidance to help patients engage safely in practices such as meditation, yoga, 
and tai chi. Mind-body approaches can be incorporated successfully with 
more conventional therapies such as psychotherapy, cognitive behavioral 
therapy, and psychotropic medications. 


Music Therapy 

Music therapy is а mind—body practice that uses music (music making, song- 
writing, singing, listening) in a prescriptive manner for nonmusical goals includ- 
ing improving QoL.'? Trained music therapists choose a music approach most 
appropriate to help patients achieve a desired result. Evidence suggests music 
therapy can help with management of mood disturbances, including anxiety.'? 
An integrative medicine practitioner can help identify those patients most 
likely to benefit from consultation with a music therapist. 


Massage 

As a manipulative touch-based therapy, massage can benefit cancer patients 
when it is performed by individuals who have an awareness of their special 
needs.? A massage therapist with special training in oncology massage is the 
best equipped to safely deliver the massage. Risk of bruising, bleeding, or 
injury can be minimized by careful application of pressure, avoiding massage 
into the deep tissue or bone in selected patients. Areas that have recently had 
surgery or radiation should be avoided. 

Research to date suggests that massage is helpful at relieving pain, anxiety, 
fatigue, and distress and at increasing relaxation.?! Benefit on mood and pain 
relief is limited to the more immediate effect of massage, with no current 
studies demonstrating long-term relief.?? Massage provided by caregivers may 
offer a unique opportunity for interaction between patient and caregiver that 
can help enhance well-being of both.? 


Acupuncture 
Many cancer patients use acupuncture to help with symptom management. 
In 1997, the National Institutes of Health published a consensus statement 
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supporting its use for postoperative and chemotherapy-related nausea/ 
vomiting and some types of pain.?* Studies have since supported this deci- 
sion, although scientifically rigorous research is still greatly needed to con- 
firm benefits, especially when used to help with other symptoms such as dry 
mouth, hot flashes, and fatigue.” The underlying biological mechanisms of 
acupuncture are not well understood but are believed to include enhanced 
conduction of bioelectromagnetic signals, activation of opioid systems, and 
activation of the autonomic and central nervous systems, which results in 
the release of various neurotransmitters and neurohormones.? Based on the 
theory of traditional Chinese medicine, acupuncture is said to help to regulate 
the flow of qi (vital energy). 

The most common form of acupuncture involves the insertion of small 
needles into the skin at specific points on the body. For some patients, acu- 
pressure may be used, which involves applying heat or pressure to acupoints 
instead of puncturing the skin. When performed correctly, acupuncture is a 
safe, minimally invasive procedure with few side effects.79?? 


Nutrition and Exercise 


Growing evidence supports the important role of nutrition and physical 
activity in the health of cancer patients. These factors have been correlated 
with improved clinical outcomes. 393! An integrative care plan is not com- 
plete without a personalized discussion regarding a patient's individual dietary 
needs and physical activity goals. 


Diet and Nutrition 

Addressing a patient's individual dietary needs is crucial, especially with the 
prevalence of obesity. The American Cancer Society's (ACS) Prevention 
Study "showed significant increases in cancer occurrence in people who are 
the most overweight" and in certain cancers, including kidney cancer, the link 
is stronger? Obesity has been cited as one of the top risk factors for RCC, 
and as the authors of this study mentioned, "identifying risk factors offers an 
opportunity for targeted education and intervention." ?? Patients are flooded 
with a number of dietary approaches to follow and need guidance. Some 
of these choices may be harmful during active treatment, leading to poor 
outcomes. ACS diet guidelines suggest at least five servings of vegetables 
and fruit per day. A large US cohort study found that eating a diet rich in 
fiber was associated with a significantly lower risk of RCC.** Diets labeled as 
"anti-cancer" that are composed strictly of raw foods, juiced fruits and veg- 
etables, animal protein sources, or alkaline foods have no evidence to support 
their use and may be harmful during active treatment, lacking the nutrients 
necessary for healing and recovery. Referral to a dietician can help patients 
and survivors identify how to best meet their nutritional needs. As a general 
approach, a diet rich in fruits, vegetables, whole grains, and lean meats with an 
avoidance of processed foods can be part of a healthy lifestyle. 


Exercise 

Exercise can be important to patients receiving active treatment as well as 
survivors, helping to improve physical function and QoL.? Regular exercise 
during cancer therapies such as chemotherapy or radiation has the potential 
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to decrease treatment-related fatigue.” ACS guidelines for cancer preven- 
tion recommend avoidance of sedentary behavior, encouraging 150 minutes 
of moderate physical activity spread throughout the week.?? Trinh and col- 
leagues looked specifically at exercise in kidney cancer survivors and found 
that more than half of kidney cancer survivors are completely inactive and 
only a quarter are meeting physical activity guidelines.” Specialists in cancer 
rehabilitation can help develop an individualized, safe, and structured pro- 
gram of exercise for patients and survivors. 


Summary 


Integrative oncology is an expanding discipline that holds tremendous prom- 
ise for additional treatment and symptom control options. An integrative 
approach provides patients, from diagnosis through survivorship, with a com- 
prehensive system of care to help meet their needs. An integrative, interdisci- 
plinary approach that advocates open communication between conventional 
and nonconventional healthcare providers can help patients better meet their 
goals in a safe manner (Figure 16.1). 
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Chapter 17 


Emerging Therapies and 
Future Directions in Renal Cell 
Carcinoma 


George K. Philips and Michael B. Atkins 


Introduction 


Given the limitations of current therapies either used alone or in combina- 
tion, new treatment approaches with an improved therapeutic index are 
needed for patients with advanced renal cell carcinoma (RCC). Such strate- 
gies will need to be based on a deeper understanding of the mechanisms that 
underlie vascular endothelial growth factor (VEGF) and mammalian target of 
rapamycin (mTOR) pathway inhibitor and immunotherapy refractoriness or 
acquired resistance and the development of novel agents that target these 
and other pathways. Several of the more promising approaches are described 
below and summarized in Table 17.1. 


Inhibitors of Acquired Resistance to Vascular 
Endothelial Growth Factor Receptor Tyrosine 
Kinase Inhibitors 


Current research suggests that acquired resistance to VEGF receptor (VEGFR) 
tyrosine kinase inhibitors (TKls) is frequently mediated through the activation 
of alternative signaling pathways that restore tumor perfusion (referred to as 
"angiogenic escape"). Factors that have been shown to contribute to the angio- 
genic escape associated with VEGFR TKI resistance include upregulation of the 
expression of angiopoeitins, activin-like kinase-1 (ALK-1) receptor, sphingo- 
sine kinase, cMet, interleukin 8 (IL-8), and loss of P53 function. Inhibitors of 
several of these pathways have been explored preclinically, and some have 
entered clinical investigation in patients with advanced RCC. Principal results 
of these experiments and early clinical trials are described in this section. 


Angiopoietins 
The angiopoietins, Ang-1 and Ang-2, specific ligands for the endothelial-specific 
tyrosine kinase receptors Tie-1 and Tie-2, are thought to play a key role in 
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blood vessel maturation and integrity. Ang-1 and Ang-2 are highly expressed 
by the endothelial cells of many tumors and co-promote neoplastic angio- 
genesis along with VEGF. The Ang/Tie-2 pathway is involved in both basal 
angiogenesis in response to hypoxia in RCC and in vascular stability in the 
setting of VEGF blockade.'? In mouse tumors and human tumor xenografts, 
a bispecific Ang-2- VEGF-A monoclonal antibody led to potent inhibition of 
tumor-selective angiogenesis, an enhanced vessel maturation phenotype, and 
inhibition of hematogeneous metastases.? 

AMG-386 (trebaninib) is an anti-angiopoietin peptibody (peptide-Fc fusion 
protein) that can disrupt the angiopoietin/Tie-2 axis. Since VEGF and Ang-2 
cooperate to promote angiogenesis, the simultaneous use of trebaninib 
with anti-VEGF agents has the potential to intensify anti-angiogenic pressure 
in RCC. Clinical results of combination VEGFR TKI and trebaninib therapy 
have been mixed. A randomized phase 2 trial of sorafenib plus either tre- 
baninib at 10 or 3mg/kg weekly or placebo in patients with advanced RCC 
showed a higher objective response rate (ORR;38% and 37% versus 25%) in 
the trebaninib-containing arms; however, there was no significant impact on 
median progression-free survival (PFS). Further, patients receiving sorafenib 
+ placebo who crossed over to sorafenib + open-label trebaninib at 10 
mg/kg weekly had an ОКК of 3%, indicating that the addition of trebani- 
nib could not overcome the acquired resistance to sorafenib. However, in a 
phase 2 study of sunitinib plus sequential cohorts of trebaninib at 10 mg/ 
kg or 15 mg/kg, the PFS was 13.9 months in the low-dose cohort and more 
than16 months in the high-dose cohort? The overall response rates were 
5876 and 5976, respectively, suggesting enhanced antitumor activity for the 
combination. Additionally, this apparent beneficial effect was achieved with- 
out significant additional toxicity, as virtually all side effects were attributable 
to sunitinib. The explanation for the potential improvement in median PFS 
for trebaninib when combined with sunitinib relative to sorafenib is not clear. 


c-MET and Hepatocyte Growth Factor—Cabozantinib 


Activation of c-MET in RCC has been linked to VHL loss as well as hypoxia." 
Higher expression of c-MET in RCC tumor specimens has been associated 
with higher tumor grade and clinical stage and was also found to be an inde- 
pendent predictor of poor overall survival.’ In human tumor xenograft mod- 
els, c- MET expression was found to be significantly higher in endothelial cells 
than in tumor cells and appeared to induce the development of resistance 
to VEGF-targeted therapy through maintenance of an alternate angiogenic 
pathway.’ Hepatocyte growth factor (HGF), the ligand for c- MET, is expressed 
in higher concentrations in VEGF pathway inhibitor-resistant tumors, sup- 
porting a role for the c- MET/HGF pathway in the acquired resistance to 
anti-angiogenic therapy. Furthermore, a combination of sunitinib and a selec- 
tive c-Met inhibitor exhibited synergistic inhibition of RCC tumor growth in 
resistant tumors.? 

Cabozantinib (XL184) is a small-molecule kinase inhibitor that targets both 
MET and VEGFR2 as well as a number of other potentially relevant recep- 
tor tyrosine kinases, including RET, KIT, AXL, and FLT3. In a human tumor 
xenograft model, cabozantinib disrupted tumor vasculature, increased tumor 


hypoxia 13-fold, promoted tumor and endothelial cell death, and inhibited 
tumor growth in a dose-dependent manner.'° Cabozantinib has activity in a 
wide variety of human tumors and is approved for the treatment of medul- 
lary thyroid cancer. 

In 25 previously treated patients (the majority had VEGF-targeted therapy 
and 5076 had three or more prior therapies) with metastatic RCC given cabo- 
zantinib up to 140 mg daily, 7 (28%) had an objective response and 13 (52%) 
had stable disease;!! the median PFS was 14.7 months. Three of four patients 
with bone metastases had a response and two had effective palliation of bone 
pain. These encouraging preliminary data have led to initiation of random- 
ized trials of cabozantinib in the first-line setting (phase 2 versus sunitinib; 
NCT01835158) and after resistance to a VEGFR TKI (phase 3 versus емего- 
limus; NCT01865747). A variety of other c-MET small-molecule receptor 
tyrosine kinase inhibitors and antibodies to HGF or c-MET are also undergo- 
ing clinical investigation. These agents are now likely to be explored both 
as single agents and in combination with VEGF-targeted therapy in patients 
with advanced RCC. A special role for c- MET inhibitors in papillary RCC may 
also emerge because of the critical role of activating c-MET mutations in that 
disease. 


Activin-like Kinase-1: Dalantercept 


The transforming growth factor-beta (TGF-B) receptor family members 
ALK-1 and endoglin (ENG) and their ligands, bone morphogenetic protein 
(BMP) 9 and 10, appear to play roles in vascular formation that are distinct 
from VEGF. Patients with genetic alterations in ALK-1 ог ENG develop 
hereditary hemorrhagic telangiectasia. The role of ALK-1 in angiogenesis is 
complex and context dependent. However, emerging data suggest that while 
VEGF is critical for early endothelial proliferation and sprouting, ALK-1 has a 
major role in the development of mature, functional vascular beds. 

ALK-1 inhibitors under development include ACE-041 (dalantercept) 
and PF-03446962. Dalantercept is a soluble fusion protein of the extracel- 
lular domain of ALK-1 and human immunoglobulinG1 Fc that binds BMP9 
and 10 and functions as a ligand trap.'?!* Dalantercept inhibited angiogenesis 
in several preclinical model systems and was shown to enhance the efficacy 
of VEGFR TKI in RCC xenograft models.'^ Dalantercept was found to be 
tolerable in a phase 1study of solid tumors, with toxicities including fatigue, 
peripheral edema (dose limiting), anemia, nausea, and, at higher doses, cuta- 
neous telangiectasias, which confirms the biologic relevance of the target 
(NCT00996957). A few objective responses and prolonged periods of stable 
disease were noted, supporting its clinical activity. Based on the preclinical 
data and single-agent early clinical data, dalantercept is currently being studied 
in combination with axitinib in patients with VEGFR TKl-resistant advanced 
RCC (NCT01642082). 


Sphingosine-1-Phosphate 

Sphingosine-1-phosphate (S1P) is a sphingolipid, pro-angiogenic signaling 
molecule that is generated by the activity of sphingosine-kinase-1 (SPHK1). 
S1P plays a role in the development of vascular networks and also inhibits 
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apoptosis, potentiates motility and invasion of human tumor cell lines, and 
induces the secretion of cytokines such as IL-6 and IL-8, which are known 
to support tumor progression.!ó Overexpression of SPHK1 occurs in a vari- 
ety of human cancers including RCC, and its expression is inversely associ- 
ated with survival." Upregulation of the oncogene, sphk1, and the resultant 
increase іп 51Р production and signaling in the tumor have been hypoth- 
esized to underlie resistance to multiple therapies including VEGF-directed 
anti-angiogenic treatment. 

In a mouse human RCC xenograft model treated with sunitinib, SPHK1 
was among the most highly upregulated genes that accompanied acquired 
resistance to VEGFR TKI therapy.'® Plasma S1P was found to be at least 4-fold 
higher in patients with metastatic human RCC than in healthy controls, and 
S1P has been shown to increase with resistance to VEGFR TKI therapy in the 
majority of patients with advanced RCC. In RCC cell lines, S1P treatment 
led to IL-6 and IL-8 release, which was blocked by S1P antibody treatment. 
The anti-S1P antibody, sphingomab, also slowed RCC xenograft growth in 
treatment-naive as well as sunitinib-resistant mice and was associated with a 
reduction in tumor blood flow, as measured by arterial spin-labeled magnetic 
resonance imaging. 

Drugs targeting the S1P axis include fingolimod, which is approved for mul- 
tiple sclerosis, and a number of other compounds currently undergoing inves- 
tigation in cancer (pancreatic, hematologic) and various neurodegenerative 
and immunologic conditions. Sonepcizumab (LT1009), a humanized anti-S1P 
antibody, is undergoing clinical investigation in patients with solid tumors 
(NCT00661414) and RCC (NCT01762033). The phase 1study in advanced 
solid tumors yielded no dose-limiting toxicities and no drug-related serious 
adverse events, but infusion reactions occurred in three of nine patients at 
24 mg/kg.'? A few patients experienced long-term stable disease. The RCC 
study is an ongoing, phase 2, single-arm study in patients whose disease has 
progressed after at least three prior systemic therapies including VEGF path- 
way and mTOR inhibitors. 


Human Double Minute 2: mdm2 Inhibitors 


The oncoprotein human double minute 2 (HDM2; analogue of murine 
mdm2) is an E3 ubiquitin ligase involved in the negative regulation of p53 pro- 
tein through ubiquitination, leading to proteasomal degradation. It also has 
non-p53-dependent actions that involve RNA and DNA synthesis, cell-cycle 
control, and cell membrane receptor regulation.? Downregulation of HDM2 
leads to lower levels of hypoxia-inducible factor (HIF)-1 and НІР-20 in a p53- 
and VHL-independent manner?! Tumor cell p53 status is known to influence 
the tumor's sensitivity to angiogenesis inhibition and hypoxia-induced apop- 
tosis.? p53 mutations are rare in RCC. In a mouse RCC xenograft model, 
sunitinib increased p53 levels, which then reverted to baseline simultaneously 
with the development of sunitinib resistance.” This resistance was associated 
with upregulation of НОМ2 and perhaps, as a result, loss of expression of 
p53 downstream proteins, upregulation of HIF-20, and tumor infiltration by 
CD11b+/Gr-1+ myeloid derived suppressor cells (MDSCs). In this model, 
the concurrent administration of MI-319, a HDM2/HDMX antagonist, 


was able to sustain the expression of p53 and significantly delay the onset 
of angiogenic escape pathways. Concomitant with delay in resistance, the 
HDM2 antagonist also prevented the enhanced expression of НІР-20 as well 
as the MDSC infiltration. Several HDM2 antagonists are currently undergoing 
Clinical development. 


Interleukin-8 


In a human RCC xenograft model, resistance to sunitinib coincided with 
higher microvessel density, denoting escape from anti-angiogenic activity, and 
increased IL-8 secretion.?* Sunitinib-resistant mice that were co-administered 
IL-8-neutralizing antibody had reduced tumor growth compared with mice 
that were continued on sunitinib alone or receiving only IL-8 antibody, consis- 
tent with a resensitizing effect of IL-8 antibody on VEGFR TKI resistance. In 
archival human clear-cell RCC (ccRCC) tissue, IL-8 expression was higher in 
patients who demonstrated intrinsic resistance to sunitinib than in respond- 
ers, suggesting that preexisting IL-8 expression could contribute to early 
resistance to VEGFR TKI. In a large phase 3 trial of pazopanib in patients 
with advanced RCC, higher levels of IL-8 were associated with shorter РЕЅ.25 
Unfortunately, clinically applicable therapeutic strategies for targeting IL-8 
currently do not exist. 


Identifying Novel Targets That Lead to Early 
Resistance or Refractory Tumors 


Hypoxia-Inducible Factor-2 alpha 


In recent years, HIF-20, has emerged as the more relevant HIF in the develop- 
ment and progression of RCC. Initial studies showed that inhibition of HIF- 
20, is sufficient for suppression of tumor growth in VHL-defective RCC cell 
lines.2¢ Additional experiments have suggested that HIF-10 may function as a 
tumor suppressor in VHL-null АСС. In particular, tumor-promoting genes 
that encode cyclin D1, TGF-a, and VEGF have been shown to be driven spe- 
cifically by НІР-20, with differential effects of HIF-1a (growth retarding) and 
HIF-2a (growth promoting) observed in RCC tumor xenografts.?? Indeed, 
up to 40% of RCCs have deletions in the HIF1a-containing portion of chro- 
mosome 14q,? and RCC expressing only HIF-2 appears to exhibit a more 
aggressive clinical behavior? 

While laboratory effects of chemical and biological inhibitors of НІР-20 on 
tumor cells are being investigated,” clinical grade HIF-20--specific inhibitors 
have yet to be developed. In the meantime, evaluation of approaches that 
nonspecifically block HIF-2a, such as the HDM2 antagonists mentioned pre- 
viously or the target of rapamycin complex (TORC2) inhibitors (see below), 
merit exploration. 


Mammalian Target of Rapamycin Complex 1 and 2 and 
Phosphatidyl Inositol 3 Kinase 


The currently approved inhibitors of mTOR, everolimus and temsiro- 
limus, primarily inhibit TORC1, the complex that includes mTOR and 


CHAPTER 17 Renal Cell Carcinoma 


181 


CHAPTER 17 Renal Cell Carcinoma 


182 


raptor (regulatory associated protein of TOR), and have less activity against 
TORC2, the complex that includes mTOR and rictor (the rapamycin- 
insensitive companion of TOR). The translation of НІР-20, the dominant 
oncogene in RCC, is more dependent on the activity of TORC2 and largely 
independent of the ТОКСТ activity.?? A potential mechanism for acquired 
resistance to mTORC1 inhibitors is loss of negative feedback loops that 
are normally operative when mTORC1 is active, such as suppression of 
mTORC2 and its activation of AKT, resulting in the upregulation of HIF? 
A TORC-dependent negative feedback loop also involves activation of 
upstream receptor tyrosine kinases such as insulin-like growth factor | 
receptors (IGF-IR)/phosphatidyl inositol 3 kinase(PI3K)/AKT signaling, 
which may also lead to therapeutic resistance. These findings highlight the 
potential for dual TORC1 and 2 inhibition in RCC as a strategy to limit 
acquired resistance to TORC1 inhibitors. 

A new generation of dual mTOR inhibitors that bind directly to the 
ATP-binding domain of mTOR, blocking both TORC1 and TORC2 activ- 
ity including НЈЕ-20; expression, is under development.?* Several novel dual 
mTORC1/2 inhibitors have been studied in cell-line- and tumor xenograft— 
based preclinical models. In a phase 1trial of a PI3K inhibitor, BKM120, 28 of 
66 patients with non-RCC solid tumors exhibited antitumor benefit, including 
2 partial responses and 18 metabolic responses.?? This agent is now being 
tested in combination with bevacizumab in patients with advanced RCC 
(NCT01283048). BEZ235 showed enhanced efficacy relative to rapamycin 
in RCC xenograft models.*¢ Efforts to develop this agent clinically in RCC 
and other cancers, however, have been stymied by significant side effects. 
Another approach involves GDC-0980, a dual PI3K/mTORC1/2 inhibitor 
that appears to be better tolerated than BEZ235. A randomized phase 2 trial 
of GDC-980 versus everolimus has been conducted (NCT01442090) with 
results pending. 


Neurofibromin 2, Merlin, and Hippo Pathway 


Neurofibromin 2 (NF2) loss is known to predispose to neurofibromatosis || 
and benign neural tumors. In a whole-genome sequencing study of a large 
cohort of primary RCC tumors and cell lines, it was found that a significant 
fraction (33%) of VHL wild-type (WT) ccRCCs contained inactivating muta- 
tions of the tumor suppressor gene NF2.? Further, knockout of NF2 in mouse 
kidney epithelium has been shown to lead to the development of invasive 
RCC, thus confirming a causal role of NF2 inactivation in КСС.28 

Merlin, the protein product of NF2, has been identified through genetic 
studies as an upstream regulator of the Hippo signaling pathway.??^*? The 
Hippo pathway appears to be a critical growth regulatory pathway that is 
deregulated in many types of human сапсег5.7 It is composed of a core 
kinase cascade that phosphorylates and inhibits the oncoprotein Yap. 

Recent data suggest that the Hippo pathway may also be inactivated in a 
significant percentage of VHL null RCC, leading to Yap nuclear translocation 
and activation. For example, WW45/SAV1, which is located on 14q22.1, has 
been found to be downregulated in 72% of high-grade ccRCC.? Significantly, 
it was shown іп the same study that the levels of МУМУ45 inversely correlated 


with the amount of nuclear Yap, and as much as 58% of high-grade ccRCC 
exhibited primarily nuclear Yap staining. Although efforts to target the down- 
stream effects of NF2 and Hippo pathway loss and Yap activation in human 
cancer are nascent and its relevance to RCC remains to be fully elucidated, 
exploration of this signaling network may provide crucial insights into RCC 
biology and identify therapeutic targets for at least a subset of patients with 
either VHL-WT or VHL-null RCC. 


Future Approaches to Optimize Initial Therapy of 
Renal Cell Carcinoma 


At a population level, reduction in the burden of RCC will rely on preven- 
tion, early detection, and effective adjuvant therapy after surgical resection, 
as well as control and/or cure of advanced disease with interventions that 
have an improved therapeutic index. It is anticipated that improved under- 
standing of the biology of RCC will continue to contribute to progress in the 
management of patients with advanced disease. As described above, such 
biologic insights are coming from a better understanding of the mechanisms 
of resistance to VEGF inhibitors, a better understanding of the interplay 
between the tumor and the immune microenvironment, and analyses of 
novel mechanisms that drive RCC and are identified through analyses such 
as TCGA. In particular, TCGA carries significant potential to identify driver 
mutations and pathways that have the potential for therapeutic targeting, 
either in individual cases or as part of a new molecularly based classifica- 
tion of АСС. Examples that are already being explored include the chro- 
matin modifiers, PI3K-mTOR pathway activators, and pathways mediated 
by NF2 loss. The application of genetic, immunologic, or other biomarkers 
that result from such research has the potential to select patients with spe- 
cific tumor types for therapy targeted to specific vulnerabilities, resistance 
mechanisms, or sensitivities within their tumor and/or microenvironment. 
Such advances should enable an era of rational and more effective therapy 
for patients with advanced RCC. 
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